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INTRODUCTION. 

The  management  of  DCIS  depends  on  the  estimation  of  the  likelihood  of  recurrence  as  in-situ  or 
invasive  disease'.  Recent  morphological  studies  have  provided  useful  potential  improvements  to 
older  classifications  of  pre-invasive  disease  with  more  accurate  prognostic  significance,  however 
there  is  clearly  a  need  for  better  predicators  of  biological  potential  .  Advances  in  our 
understanding  of  the  genes  involved  in  the  critical  process  of  epithelial  cell  invasion  and 
alterations  that  occur  in  these  genes  in  human  tumors  is  likely  to  yield  such  predictors^.  To  address 
this  critical  issue  in  the  biology  of  early  breast  tumor  progression,  many  groups  have  surveyed 
DCIS  lesions  with  microsatellite  markers  in  search  of  regions  of  DNA  that  may  harbor  tumor 
invasion  suppressor  genes''.  This  approach  has  yielded  some  interesting  loci  but  not  specific  genes 
as  yet.  We  have  undertaken  an  alternative  novel  approach  in  our  laboratory  to  identify  genes  and 
alterations  that  may  contribute  to  the  invasive  phenotype  in-vivo.  This  approach  has  required 
technical  development  to  enable  microdissection  of  histologically  defined  microscopic 
components  within  single  breast  tumor  sections  and  adaptation  of  established  subtraction 
hybridization  techniques  to  accept  small  input  RNA  sample  and  has  been  crucially  dependent  on 

c  o 

the  design  of  the  tumor  bank  resource  for  histologically  defined  frozen  breast  tissues  '  . 

Our  specific  hypothesis  is  that  alteration  of  gene  expression  is  responsible  for  the  progression  of 
DCIS  to  invasive  breast  cancer  and  the  acquisition  of  the  invasive  phenotype.  Our  specific 
technical  objectives  are; 

1. To  identify  and  clone  differentially  expressed  genes  that  may  contribute  to  the  invasive 
phenotype  in-vivo.  Novel  microdissection  and  subtraction  hybridization  techniques  will  be  used  to 
directly  compare  gene  expression  between  DCIS  and  adjacent  early  invasive  ductal  carcinoma  cell 
populations  within  the  same  tumor  specimen. 

2.  To  study  the  role  in  breast  cancer  progression  of  altered  expression  of  the  candidate  ‘invasion 
genes’  that  have  been  identified  in  specific  aim  1  by  assessment  of  pattern  of  expression  in-vivo 
and  by  manipulation  of  expression  in  breast  cell  lines. 
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BODY. 

YEAR  1:  SUMMARY. 

During  year  1  of  this  project  we  had  completed  review  of  invasive  ductal  carcinomas  in  the  Tumor 
Bank  to  identify  cases  that  comprise  in-situ  and  early  invasive  components,  microdissectable 
within  a  single  tissue  block.  We  had  proceeded  to  complete  analysis  of  a  second  tumor  case 
(tumor  #2)  and  identified  a  number  of  differentially  expressed  cDNA’s.  We  had  also 
identified  a  technical  problem  with  the  magnetic  bead  subtraction  assay  that  precluded  further 
experiments  with  this  assay.  So  we  had  begun  to  assess  alternative  molecular  assays  for  analysis 
of  differentially  expressed  mRNA  and  also  begun  to  pursue  the  role  in  invasion  of  three  of 
cDNA’s  -  psoriasin,  lumican  and  mammaglobin  genes. 


YEAR  2: 

TECHNICAL  OBJECTIVE  1.  We  have  developed  and  performed  RT-RDA  ®  on  small  amounts 
of  RNA  extracted  from  MDA-MB-23 1  cells  transfected  with  the  psoriasin  cDNA  (see  below)  and 
compared  parental  cells  with  cells  transfected  with  psoriasin,  and  found  36  apparently 
differentially  cDNA’s.  To  screen  these  for  artifacts,  cDNA’s  were  blotted  individually  onto 
nitrocellulose  membrane  and  re-probed  with  radiolabelled  total  cDNA  from  the  initial 
representation  step  and  we  confirmed  that  8/36  showed  differential  expression  in  the  original 
sample.  Although  the  assay  produced  a  large  number  of  ‘false-positive’  cDNA’s  (75%)  we 
concluded  that  the  RT-RDA  assay^  was  an  acceptable  assay  as  a  first  step  to  screen  for 
differentially  expressed  genes  in  tumor  samples. 

We  have  then  worked  to  adapt  the  assay  to  RNA  obtained  from  microdissected  tumors  -  smaller 
quantities  and  lesser  quality  RNA  than  from  cultured  cell  lines.  After  5  experiments  on  4 
microdissected  tumors  we  have  concluded  that  it  is  not  practical  to  obtain  sufficient  quantities  of 
RNA  from  subregions  within  typical  tumor  sections  for  the  RT-RDA  assay.  So  to  confirm  this 
conclusion  and  to  progress  with  our  aims  we  reviewed  additional  cases  in  the  Tumor  Bank 
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database  for  sections  with  pure  DCIS  or  pure  invasive  ductal  carcinoma  and  similar  grade  and 
cellularity.  We  then  selected  2  sets  of  cases  for  analysis,  each  set  comprising  x3  DCIS  cases  to 
compare  with  x3  invasive  ductal  carcinoma  cases.  Frozen  sections  (20x20um)  were  then  cut  from 
each  case,  and  sections  pooled  to  create  a  DCIS  pool  and  an  invasive  pool,  prior  to  RNA 
extraction  and  RT-RDA.  This  RT-RDA  experiment  has  yielded  13  cDNA’s  apparently 
overexpressed  in  the  pre-invasive  DCIS  pool  (see  Appendix  A).  These  include  6  known  and  7 
unknown  genes  and  EST’s.  Amongst  the  former  is  the  hevin-like  protein  that  has  previously  been 
identified  as  down-regulated  in  metastatic  in  prostate  cancer. 

However,  in  parallel  with  the  RT-RDA  experiments  above  we  have  also  investigated  the 
possibility  of  applying  microarray  technology  to  our  research  question.  We  have  done  this  because 
of  the  recent  commercial  availability  of  affordable  membranes  and  analysis  software,  and  the 
potential  of  this  approach  to  compare/assess  differential  gene  expression  more  efficiently  than 
subtraction  hybridization  or  RT-RDA.  We  view  all  three  techniques  as  screening  tools  that  can 
provide  candidate  cDNA’s  that  need  further  confirmation  and  assessment  by  other  tissue  based 
techniques  such  as  in-situ  hybridization.  We  have  carefully  reviewed  potential  commercial  array 
systems  and  discussed  the  issue  of  limited  RNA  samples  with  several  companies.  This  has  lead  us 
to  select  the  Research  Genetics  GeneFilters  system 

We  have  subsequently  obtained  the  Human  GeneFilter  GF200  filter  and  successfully  shown  that 
we  can  obtain  adequate  signals  from  labeled  probes  from  1  ug  of  microdissected  total  RNA  for 
capture  of  images  and  analysis  by  the  Pathways  software.  We  are  currently  in  the  process  of 
analyzing  3  new  microdissected  DCIS/invasive  tumor  samples.  We  are  also  now  conducting 
exploratory  experiments  to  validate  the  reproducibility  of  hybridization  in  our  hands  and  the 
ability  to  be  able  to  strip  and  reprobe  each  filter  (claimed  for  5  times)  and  are  constructing  cRNA 
internal  standards.  These  standards  (CNS  specific  genes  already  present  on  the  GF200  filter)  will 
be  amplified  by  RT-PCR  from  human  brain  RNA  and  cloned  into  vectors  suitable  for  producing 
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riboprobes  to  spike  our  RNA  samples  and  provide  additional  internal  controls  for  hybridization 
efficiency. 

TECHNICAL  OBJECTIVE  2.  We  have  continued  to  pursue  2  potential  ‘invasion’  genes, 
psoriasin,  and  lumican  as  outlined  below.  Since  last  years  report  we  have  successfully  published  a 
manuscript  on  a  third  gene,  mammaglobin,  (see  Appendix  D)  but  we  are  no  longer  pursuing  this  in 
the  context  of  this  project  since  our  results  suggest  that  mammaglobin  is  unrelated  to  invasion  (but 
could  be  a  useful  clinical  marker  of  axillary  lymph  node  breast  metastases) 

Psoriasin  (S100A7).  We  have  previously  identified  psoriasin  (S100A7)  as  differentially 
expressed  between  in-situ  (DClS)  and  invasive  carcinoma.  We  have  also  shown  that  expression  is 
relatively  low  in  normal  tissue  and  ductal  hyperplasia,  increased  in  atypical  hyperplasia  and 
highest  in  DCIS  and  frequently  downregulated  in  invasive  carcinoma  *. 

We  have  developed  an  anti-psoriasin  polyclonal  antibody  and  we  have  completed  investigation  of 
the  role  of  persistent  expression  in  invasive  disease.  Antibody  specificity  was  confirmed  by 
analysis  of  transfected  cell  lines  and  strong  correlation  between  RT-PCR  and  in-situ  hybridization 
detected  levels  of  mRNA  and  western  blot  and  immunohistochemistry  detected  protein,  as  well  as 
its  ability  to  detect  the  psoriasin  protein  in  formalin  fixed  and  paraffin  embedded  specimens. 
Persistence  of  psoriasin  expression  in  invasive  tumors  was  significantly  associated  with  poor 
prognostic  markers  including  ER  and  PR  negative  (p<0.0001,  p=0.0003)  and  lymph  node  positive 
status  (p=0.035).  Psoriasin  protein  expression  is  also  associated  with  inflammatory  infiltrates  (all 
tumors  excluding  medullary  where  inflammation  is  a  diagnostic  criteria,  p=0.0022).  These  results 
suggest  that  psoriasin  may  be  a  marker  of  aggressive  behaviour  in  invasive  tumors  and  are  also 
consistent  with  a  function  as  a  chemotactic  factor  (see  Appendix  E). 
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We  have  examined  the  effect  of  psoriasin  on  invasive  breast  tumor  cells.  On  the  basis  of  our 
initial  hypothesis  in  which  we  took  the  view  that  loss  of  psoriasin  might  facilitate  invasiveness  in 
the  neoplastic  breast  cell,  we  transfected  a  CMV-psoriasin  construct  into  a  subline  of  MDA-MB- 
231  breast  cells  that  do  not  express  psoriasin  and  that  are  known  to  be  invasive ,  tumorigenic  and 
metastatic  in  an  in-vivo  metastasis  model  in  our  own  hands  and  that  have  previously  been  shown 
to  be  amenable  to  genetic  modulation  of  their  metastatic  properties.  We  isolated  2  MDA-231'’*°"“'" 
clones  that  demonstrate  high  and  low  mRNA  and  protein  expression  determined  by  Northern  and 
Western  Blot  and  have  completed  assessment  of  these  cells  by  in-vitro  growth  and  in-vitro 
Boyden  chamber  invasion  assays.  We  have  found  that  psoriasin  overexpression  has  no  significant 
effect  on  the  growth  or  invasiveness  of  this  already  invasive  breast  tumor  cell  line.  Therefore  we 
have  also  decided  to  assess  the  effect  of  overexpression  of  psoriasin  in  a  pre-invasive  cell  line  and 
selected  the  MCFIOAT  model  for  these  experiments.  We  have  transfected  CMV-psoriasin  into 
MCF-10AT3B  cells  (using  zeocin  as  a  marker  since  they  have  previously  been  transfected  with 
ras-neo)  and  after  screening  >25  zeocin  resistant  clones  have  obtained  a  single  clone  with 
overexpression  detected  by  northern  and  western  blot.  We  are  now  repeating  transfection  to  obtain 
further  clones  prior  to  in-vitro  assessment  of  growth  and  invasiveness  and  in-vivo  study  of  the 
effect  of  psoriasin  on  early  tumorigenesis  and  progression  (see  Appendix  B). 

We  have  also  pursued  the  cell  biology  of  psoriasin  in  breast.  In-situ  hybridization  consistently 
shows  that  psoriasin  mRNA  expression  is  restricted  to  epithelial  cells  in  skin  and  breast  tumors. 
Psoriasin  protein,  studied  by  immunohistochemistry  is  also  localized  predominantly  but  not 
exclusively  to  epithelial  cells,  but  with  both  cytoplasmic  and  nuclear  staining  (the  latter  most 
prominent  in  breast  tumor  cells).  Therefore  to  pursue  the  possible  intracellular  interactions  of 
psoriasin  we  have  searched  for  interacting  proteins  in  a  normal  breast  cell  library  using  the  yeast  2- 
hybrid  assay.  From  the  first  screen  we  have  identified  4  positive  clones.  The  first  two  genes  are 
both  recently  identified  components  of  the  centrosome,  RanBPM  and  spindle  pole  body  protein 
hGCP3  while  the  other  two  cDNAs  are  a  transcription  factor  binding  protein  and  a  gene  of 
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unknown  function  (CXX-1).  The  co-incidental  finding  of  2  centrosome  related  proteins  encourages 
us  to  pursue  in  the  future  the  role  of  the  interaction  between  psoriasin,  RanBPM  and  hGCP3  in 
early  progression  towards  the  invasive  phenotype  (see  Appendix  C). 


Lumican.  We  previously  identified  lumican  mRNA  as  differentially  expressed  between  the  stroma 

adjacent  to  pre-invasive  and  central  invasive  components  of  early  breast  tumors.  RT-PCR  and  in 

situ  hybridization  study  confirmed  the  presence  of  lumican  mRNA  in  fibroblast-like  cells  within 

stroma  of  most  tumors,  with  highest  levels  adjacent  to  in-situ  components  and  beyond  the  invasive 

•  1  ^ 

edge.  Higher  expression  in  the  invasive  tumor  was  also  associated  with  poor  prognostic  markers 

Further  study  of  lumican  and  other  members  of  the  small  leucine-rich  proteoglycan  (SLRP)  gene 
family  in  breast  tissues  has  been  completed  (in  collaboration  with  Dr  Peter  Roughley,  Montreal)  to 
explore  their  role  in  breast  tumor  progression.  Lumican  and  decorin  are  expressed  by  similar 
fibroblast-like  cells  and  are  relatively  abundant,  while  biglycan  and  fibromodulin  are  only  detected 
occasionally  and  at  low  levels  in  breast  tissues.  However,  while  lumican  mRNA  expression  was 
significantly  increased  in  tumors  (n=34,  p<0.0001),  decorin  mRNA  was  decreased  (p=0.0002)  in 
neoplastic  relative  to  adjacent  normal  stroma.  This  was  accompanied  by  similar  changes  in  both 
lumican  (p=0.0122)  and  decorin  (similar  trend  but  p=ns)  proteins.  Alteration  of  lumican  expression 
in  breast  tumor  stroma  may  also  be  manifested  by  discordance  between  mRNA  and  protein 
localization  in  some  tumors,  where  some  areas  (mostly  central  regions)  can  demonstrate  mRNA 
expression  by  in-situ  hybridization  but  no  detectable  protein  in  parallel  sections  assessed  both  by 
immunohistochemistry  and  microdissection  +  western  blot  (see  Appendix  F) 

We  are  currently  studying  the  issue  of  reciprocal  regulation  of  lumican  and  decorin  in  cultured  cell 
lines.  We  have  screened  a  panel  of  breast  and  fibroblast  cell  lines  by  RT-PCR  and  western  blot 
and  shown  that  lumican  and  decorin  expression  is  restricted  to  fibroblasts.  We  are  now  performing 
co-culture  assays  to  understand  the  role  and  effect  of  the  status  of  the  epithelial  cells  in  influencing 
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lumican  and  decorin  expression  in  adjacent  fibroblasts.  We  have  also  attempted  to  transfect  human 
lumican  and  decorin  cDNA’s  into  an  immortalized  murine  mammary  fibroblast  line  to  study  the 
effect  of  this  on  fibroblast  function  and  neoplastic  syngeneic  carcinoma  cells  utilizing  both  in-vitro 
3-D  co-culture,  and  in-vivo  study  of  mixed  fibroblast  and  tumor  populations  (in  collaboration  with 
Dr  C  Roskelley,  UBC).  However  we  have  been  unsuccessful  as  yet  in  obtaining  successful 
transfectants.  Given  the  known  inhibitory  effect  of  decorin  on  cell  growth  we  are  now  considering 
the  alternative  strategy  of  re-cloning  the  lumican  and  decorin  cDNA’s  into  an  inducible  tet 
expression  system. 
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KEY  RESEARCH  ACCOMPLISHMENTS 

•  We  have  completed  microdissection  and  partial  analysis  by  Subtraction  Hybridization 
techniques  and  membrane  filter  cDNA  array  hybridization  of  matched  DCIS  and  invasive 
components  for  5  breast  tumor  cases. 

•  We  have  identified  and  pursued  3  potential  ‘invasion’  genes,  psoriasin  (S100A7),  lumican  and 
mammaglobin,  that  had  not  been  previously  explored  in  breast  cancer  progression 

•  We  have  shown  that  persistent  S100A7  expression  correlates  with  poor  prognostic  features  in 
invasive  breast  tumors  and  are  currently  exploring  the  effect  of  modulation  of  SI  00  A7  in  cell 
lines 

•  We  have  shown  that  expression  of  lumican  and  decorin  stromal  matrix  proteins  is  altered  and 
that  these  are  the  most  abundant  members  of  the  small  leucine-rich  proteoglycans  in  breast 
tissues  and  that  altered  regulation  of  these  two  genes  occurs  in  tumors  and  is  distinct.  Given 
that  the  small  leucine-rich  proteoglycans  are  important  in  collagen  fibrillogenesis  we  are  now 
pursuing  their  role  in  tumor  invasion  and  progression. 

•  We  have  shown  that  while  mammaglobin  expression  may  not  relate  to  invasion,  expression  of 
the  gene  may  be  a  valuable  marker  for  detection  of  breast  cancer  cells  metastatic  to  lymph 
nodes 
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REPORTABLE  OUTCOMES 

Papers 

Leygue  E,  Snell  L,  Dotzlaw  H,  Hole  K,  Hiller  T,  Roughley  P,  Watson  P,  Murphy  L,  “Expression  of  Lumican 
in  human  breast  carcinoma”  Cancer  Research  58(7):  1348-1352,  1998. 

Leygue  E,  Snell  L,  Dotzlaw  H,  Hole  K,  Hiller  T,  Roughley  P,  Watson  P,  Murphy  L,  “Mammaglobin,  a 
potential  marker  of  breast  micrometastasis”  In  press  J  Path  1999  * 

A-Haddad  S,  Zhang  Z,  Leygue  E,  Snell  L,  Huang  A,  Niu  Y,  Hiller  T,  Hone  K,  Murphy  LC,  Watson  PH.  The 
role  of  psoriasin  (S100A7)  in  invasive  breast  cancer.  In  press,  Am  J  Pathology.  1999  * 

Leygue  E,  Snell  L,  Dotzlaw  H,  Hole  K,  Hiller-Hitchcock  T,  Murphy  LC,  Roughley  PJ,  Watson  P,.  “Lumican 
and  decorin  are  differentially  expressed  in  human  breast  carcinoma”  submitted  to  J  Path,  Aug  1999  * 

Chapters 

Watson  PH,  Hiller  T,  Snell  LS,  Murphy  LC,  Leygue  E,  Dotzlaw  H,  Kossakowska  A,  Kulakowski  A.  “Update  to  : 
microdissection  RT-PCR  analysis  of  gene  expression  in  pathologically  defined  frozen  tissue  sections”  in  “the  PCR 
technique:  RT-PCR,  editor  Paul  Siebert,  Eaton  Publishing.  1997 

Watson  PH,  Leygue  E,  Murphy  LC.  “Molecules  in  focus-  psoriasin  (S100A7)”  Int  J  Biochem  Cell  Biol.  30(5): 
567-571. 1998 

Abstracts 

Leygue  E,  Snell  L,  Dotzlaw,  Hole,  Hiller  T,  Watson  P,  Murphy  L.  “Differential  expression  of  mammaglobin 
mRNA  during  breast  tumorigeneisis”.  20th  Breast  Cancer  Symposium,  San  Antonio,  Texas,  Dec  1997 

Leygue  E,  Snell  L,  Dotzlaw  H,  Hole  K,  Hiller-Hitchcock  T,  Murphy  LC,  Roughley  PJ,  Watson  P,.  “Lumican 
and  decorin  are  differentially  expressed  in  human  breast  carcinoma”  submitted  21st  Breast  Cancer 
Symposium,  San  Antonio,  Texas,  Dec  1998  * 

A-Haddad  S,  Zhang  Z,  Leygue  E,  Snell  L,  Huang  A,  Niu  Y,  Hiller  T,  Hone  K,  Murphy  LC,  Watson  PH.  The 
role  of  psoriasin  (S100A7)  in  invasive  breast  cancer.  AACR  Philadelphia,  April  1999  * 

*  =  new  outcome  or  revised  outcome  specific  to  Year  2  of  the  project 
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CONCLUSIONS 

Elucidation  of  the  molecular  changes  involved  in  the  development  of  the  invasive  phenotype  is  a 
critical  clinical  question  because  the  lethal  effects  of  distant  metastasis  can  only  occur  after  the 
onset  of  invasive  capability  and  the  ability  to  assess  these  genetic  alterations  may  offer  markers  of 
risk  of  invasive  disease  in  pre-invasive  lesions. 

We  have  identified,  microdissected  and  assessed  differential  gene  expression  in  5  tumors  by 
subtraction  hybridization,  RT-RDA,  and  microarray  techniques.  Our  progress  with  Objective  1  has 
been  slowed  by  technical  issues  relating  to  the  first  2  techniques,  however  we  now  anticipate  that 
we  will  be  able  to  complete  the  Objective  1  by  end  of  this  grant  year.  Our  progress  with  Objective 
2  has  been  steady.  We  have  pursued  the  roles  of  3  potential  invasion  genes,  mammaglobin, 
psoriasin,  and  lumican  and  continue  to  work  on  the  latter  2  genes  which  show  potential  as 
important  factors  in  the  process  of  invasion. 

In  the  coming  year  we  will  complete  microdissection  and  analysis  of  12  cases,  screen  a  subset  of 
further  candidate  genes  to  confirm  differential  expression,  and  continue  to  pursue  the  cell  biology 
of  psoriasin  and  lumican  as  it  relates  to  the  process  of  invasion. 
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Figures  for  Differential  Gene  Expression  Experiments 
Involving  Both  RDA  and  Filter  Arrays 
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Figure  1:  Optimization  of  RDA  pilot  reactions 
from  microdissected  tumors. 

Samples  were  removed  at  18,  20, 22  and  24  PCR 
cycles  and  run  on  a  1.5%  agarose  gel  with 
controls.  The  samples  were  compared  to  the 
controls  -  a  known  amount  of  SauSAI  digested 
genomic  spleen  DNA  looking  for  an  optimum 
amount  of  0.5ug  per  sample.  Tumor  numbers  are 
as  listed. 


Figure  2:  Scaled  up  RDA  reactions  from 
figure  1.  For  tumor  13009,  the  PCR  hot  bonnet 
lid  failed,  thus  resulting  in  the  loss  of  this 
experiment,  ie.  in  lane  1  (13009,  DCIS)  the 
sample  is  much  more  prominant,  probably 
resulting  in  a  misrepresentation  of  the  cDNAs 
in  this  tumor.  For  tumor  13146,  the  invasive 
sample  repeatedly  failed  to  amplify,  thus 
resulting  in  the  loss  of  this  experiment.  It 
has  been  determined  that  the  quantity  and  quality 
of  RNA  obtained  from  microdissected  tumors 
does  not  make  RDA  a  good  candidate  technique 
for  further  studies  involving  microdissection. 
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Figure  3:Tumor  and  cell  line  cDNA.  Pooled  DCIS  and 
pooled  invasive  samples  represent  4  tumor  cases  whose 
RNA  has  been  combined  to  try  to  increase  the  quantity. 
T47D5  and  MDA-231  are  representative  cell  line  controls. 
Equal  OD  amounts  were  loaded  (2ug),  yet  are  not 
comparable.  Potentially,  the  tumor  samples  are  degraded 
due  to  the  collection  procedure  and  therefore  the  quality  and 
quantity  is  not  the  same  as  that  which  is  obtained  from  cell 
lines. 
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Figure  4:  RDA  pilot  reactions  comparing 
pooled  tumor  samples  and  cell  lines. 
Samples  were  removed  at  a  specific  PCR 
cycle  number  and  run  on  a  1 .5%  agarose 
gel  with  Sau3AI  digested  genomic  spleen 
DNA  controls.  Note  that  the  cell  lines 
amplify  much  better  than  the  tumor 
samples. 
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Figure  5:Isolated  RDA  bands.  Three  bands  were  isolated  from 
DCIS  vs  invasive  pooled  RDA  samples  (D/I  #1,  D/I  #2,  D/I  #3). 
All  bands  are  representative  of  genes  which  are  potentially 
overexpressed  in  DCIS  but  not  in  invasive  tumors.  Each  band  may 
contain  more  than  one  gene. 


Figure  6:cDNA  RDA  clones.  All  lanes 
represent  single  clones  from  the 
isolated  RDA  bands.Refer  to  the  subtable 
of  RDA  clones  where,  for  example, 
p#l-2  =  D/I  #1  lane  2.  Overall,  15  of  the  24 
clones  were  sequenced,  giving  6  known 
genes,  5  EST’s  and  2  unknowns. 
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Figure  TrHybridized  filter 
arrays.  (A)  A  Research  Genetics 
filter  array  (#GF200),  hybridized 
with  a  microdissected  DCIS 
tumor  sample.  (B)  The  same 
array  hybridized  with  a  probe 
made  from  microdissected 
invasive  tumor.  Both  samples 
originated  from  the  same  case, 
tumor#  13146.  Note  the  similar 
hybridization  patterns. 
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TUMOR  CASES  SELECTED  AND/OR  USED 
FOR  RT-RDA  AND  MICROARRAY  FILTER  EXPERIMENTS: 
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USAMRMC  Project:  Year  2. 


Tumor  Number 

MDX 

method 

Technique 

Result 

B13009A,B 

Mdx 

RDA 

PCR  machine  hot-bonnet  problem 

B13146B 

Mdx 

RDA 

wouldn’t  amplify 

13146B 

Mdx 

RDA 

wouldn’t  amplify 

11612B 

Mdx 

RDA 

wouldn’t  amplify 

10603 A 

Mdx 

RDA 

wouldn’t  amplify 

Pooled  Setl : 
DCIS=9857B,  10631 
B10078A,9055C 
inv=8666A,7992A, 
9110A,  10571B 

FS 

RDA 

worked  =>  3  bands,  10  different 
clones  -see  subtable  below 

Pooled  Set2: 

DC1S=10953B, 

12166A,12438B 

inv=8196A,7952A, 

7949B 

FS 

For  RDA 

Not  sectioned  yet 

10654 

Mdx 

GeneFilter  #201 

completed,  to  be  analyzed 

13009 

Mdx 

GeneFilter 

not  enough  DCIS  RNA 

10603 

Mdx 

GeneFilter  #200 

Completed,  to  be  analyzed 

13146 

Mdx 

GeneFilter  #200 

Completed,  under  analysis,  refer  to 
GeneFilter  Comparison  report 

Mdx  =  frozen  sections  cut  and  subregions  microdissected  from  within  each  section 
FS  =  frozen  sections  cut  and  used  without  further  microdissection 


Subtable  of  RDA  clones  from  pooled  Setl 


Clone  # 

Gene 

p#l-2 

matrix  Gla  protein 

p#l-4 

DVS27  related  protein 

p#l-5 

unknown 

p#l-6 

EST 

p#l-7 

unknown 

p#2-l 

Ca'^  transporting  ATPase  (ATP2B1) 

p#2-2 

EST 

p#2-6 

EST 

p#2-7 

hevin  like  protein,  hevin 

p#2-8 

EST 

p#3-l,  p#3-4 

EST 

p#3-2,  p#3-5 

RNA  helicase  p68 

p#3-6 

tyrosine  aminotransferase 

GeneFilter  1 :  13146  DCIS  20  HOUR  E 


GeneFilter  Comparison  Report 
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CELL  LINE 

DOUBLING  TIME  (DAYS) 
x±SEM  (n) 

INVASION  (%) 

X  ±  SEM  (n) 

MDAMB231  (parent) 
Vector  alone  (CL6VA1) 
Vector  alone  (CL71A1) 

1.03  ±0.05  (4) 

1.32  ±0.13  (4) 

1.26  ±0.04  (4) 

23.4  ±6.8  (3) 

22.9  ±  3.3  (3) 

32.9  ±5.7  (3) 

Psoriasin  +  (CL6FA1) 
Psoriasin  +  (CL7FB2) 
Psoriasin  -l-  (CL7FD3) 

1.04  ±0.02  (4) 

1.27  ±0.06  (4) 

1.13  ±0.07  (3) 

34.5  ±  6.0  (3) 

30.8  ±1.9  (3) 

21.4  ±4.7  (3) 

There  are  no  statistically  significant  differences  between  the  psoriasin  expressing  clones 
and  the  non-expressing  controls  in  terms  of  doubling  time  or  %  invasion. 
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Psoriasin  interacting  proteins 
Yeast  2-hybrid  assay  data 


Fig  1:  Test  for  an  interaction  with  the  bait  plasmid 
containing  no  bait  cDNA,  using  isolated  plasmid  containing 
RanBPM  with  Gal4  AD  (clone  6-3)  co-transformed  with 
bait  Gal4  BD  plasmid  (pGBT9).  Bottom  left  plate  contains 
media  deficient  in  tryptophan  and  leucine.  Growth  confirms  the 
presence  of  both  plasmids.  Remaining  three  plates  are  all 
deficient  in  tryptophan,  leucine  and  histidine.  No  growth 
confirms  no  activation  of  histidine  gene  after  14  days 
incubation.  In  order  to  activate  histidine  gene,  a  bait  protein  is 
required  for  AD  and  BD  to  interact  which  activates  the 
histidine  gene  and  allows  growth. 


Fig  2;  Test  for  interaction  with  an  unrelated  bait  protein 
(Rad  18)  using  isolated  plasmid  containing  RanBPM  with 
Gal4  AD  (clone  6-3)  co-transformed  with  RadlS  cloned 
after  Gal4  BD.  In  this  case  the  bait  protein  is  RadlS,  which  is 
a  DNA  repair  gene  found  in  yeast.  Growth  on  bottom  left  plate 
deficient  in  tryptophan  and  leucine  confirms  presence  of  both 
plasmids.  Remaining  three  plates  are  all  deficient  in 
tryptophan,  leucine  and  histidine.  No  growth  confirms  no 
histidine  activation  after  14  days  incubation.  In  order  to 
activate  histidine  gene,  the  bait  and  RanBPM  interaction  must 
be  specific  in  order  for  the  Gal4  AD  and  BD  to  interact  which 
activates  the  histidine  gene  and  allows  growth. 


Fig  3:  Test  for  autoactivation  of  histidine  selection  gene  by 
isolated  RanBPM  plasmid.  Yeast  transformed  with  RanBPM 
plasmid  (6-3)  only.  Lower  left  shows  yeast  plated  on  media 
deficient  in  leucine  and  growth  proves  presence  of  RanBPM 
plasmid.  Top  left  plate  deficient  in  tryptophan,  no  bait  plasmid 
present  to  allow  growth.  Top  right  deficient  in  tryptophan  and 
leucine,  absence  of  growth  confirms  need  for  both  psoriasin  and 
RanBPM  plasmids.  Lower  right  plate  deficient  for  histidine, 
absence  of  growth  confirms  need  for  the  psoriasin-RanBPM 
interaction  of  fusion  proteins  containing  BD  and  AD  respectively, 
to  get  activation  of  histidine  gene  under  control  of  Gal4  promoter. 
Clone  6-3  does  not  autoactivate  the  histidine  gene.  All  plates 
incubated  for  14  days. 
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MAMMAGLOBIN,  A  POTENTIAL  MARKER  OF  BREAST 
CANCER  NODAL  METASTASIS 


ETIENNE  LEYGUE^*,  LINDA  SNELL^,  HELMUT  DOTZLAW^  KATE  HOLE",  SANDY  TROUP^,  TAMARA  HILLER-HITCHCOCK^, 

LEIGH  C.  murphy’  AND  PETER  H.  WATSON^ 

'Department  of  Biochemistry  amt  Molecular  Biology,  University  of  Manitoba.  Faculty  of  Medicine,  Winnipeg, 

Manitoba  R3E  0W3,  Canada 

-Department  of  Pathology,  University  of  Manitoba,  Faculty  of  Medicine,  Winnipeg.  Manitoba  R3E0W3,  Canada 

SUMMARY 

The  Mammaghbin  gene,  a  breast-specific  member  of  the  uteroglobin  gene  family,  has  been  previously  identified  as  being 
overexpressed  in  some  breast  tumours,  but  the  cellular  origin  and  relationship  to  tumour  progression  are  unknown.  Using  a  subtractive 
hybridization  approach,  mammagtohin  mRNA  has  also  been  found  to  be  overexpressed  in  the  in  situ  compared  to  the  invasive  element 
within  an  individual  breast  tumour.  Further  study  by  in  situ  hybridization  performed  In  13  breast  tumours,  selected  to  include  normal, 
in  Aim,  and  invasive  primarj^  tumour  elements,  and  in  most  cases  axillary  lymph  node  metastases,  revealed  that  nmmmaghhin  expression 
occurs  in  all  elements,  is  restricted  to  epithelial  cells,  and  is  significantly  increased  in  tumour  cells  compared  with  normal  cells  (/i<0*04). 
Analysis  of  mammaglohin  expression  within  20  independent  primary  breast  tumours  and  their  corresponding  axillary  lymph  nodes 
revealed  that  all  13  l^mph  nodes  positive  and  none  of  the  seven  nodes  negative  for  metastatic  breast  carcinoma  by  histology 
were  mammaglobin-positive  by  reverse  transcription-polymerase  chain  reaction  (RT-PCR)  (/? =0*0001).  These  results  suggest  that 
mammaghbin  could  be  a  marker  of  axillary  lymph  node  breast  metastases.  Copyright  (f)  1999  John  Wiley  &  Sons,  Ltd. 

KEY  WORDS — breast  cancer;  tumour  progression;  mammaghbin;  uteroglobin;  metastasis;  marker;  lymph  node;  subtractive  hybridization 


INTRODUCTION 

The  deleclion  of  breast  cancer  metastases  and 
niicrometastases  based  on  specific  genetic  markers  may 
provide  useful  information  to  guide  early  therapeutic 
decisions.’  Various  biological  markers  have  been  pro¬ 
posed  for  the  detection  of  breast  cancer  cells,  including 
Keratin’’\9  and  Mitc-lf  but  the  frequency  of  expression 
of  these  markers  is  often  related  to  tumour  difierenti- 
ation  and  is  not  always  confined  to  breast  tissue.-^  This 
relates  in  part  to  the  fact  that  most  potential  markers  are 
derived  initially  from  the  study  of  other  tissues  and 
systems. 

In  order  belter  to  understand  the  molecular  alter¬ 
ations  that  are  specifically  involved  in  breast  tumour 
progression  and  that  might  provide  molecular  targets 
for  detection,  we  and  others  have  undertaken  direct 
studies  of  human  breast  tumours.  These  studies  aim  to 
identify  genes  diflerentially  expressed  between  normal 
and  neoplastic  tissue,  or  between  different  components 
of  the  same  human  breast  tumour.^  ^  Mammaghbin.  a 
member  of  the  uteroglobin  gene  family,  has  recently 
been  identified  by  this  approach  as  a  gene  that  is 
overexpressed  in  breast  tumours.^  In  this  study,  we  have 
also  identified  mammaglohin  mRNA  as  being  dilTeren- 
tially  expressed  between  the  non-invasive  in  situ  and 


^Correspondence  to:  Etienne  Lcyguc,  PhD,  Department  of 
Biochemistry  and  Molecular  BioIog>',  University  of  Manitoba, 
770  Bannatyne  Avenue,  Winnipeg,  MB  R3E  0W3,  Canada. 

E-mail:  clcygue(<i)cc.umanltoba.ca 

CTonlract/grant  sponsor:  Canadian  Breast  Cancer  Research  Initiat¬ 
ive  (CBCRI). 

Conlract/grant  sponsor:  U.S.  Army  Medical  Research  and  Materiel 
Command  (USAMRMC). 

CCC  0022  -3417/99/100028  06$1 7.50 
Copyright  if)  1999  John  Wiley  &  Sons,  Ltd. 


invasive  components  of  a  single  breast  tumour.  We  have 
gone  on  to  investigate  the  cellular  origin  in  vivo  and  the 
pattern  of  expression  of  mammaghbin  mRNA  in 
relation  to  tumour  progession  within  primary  tumours 
and  their  nodal  metastases  by  in  situ  hybridization 
and  reverse  transcription-polymerase  chain  reaction 
(RT-PCR). 


MATERIALS  AND  METHODS 
Human  breast  tissues 

All  breast  tumour  cases  were  selected  from  the  NCIC- 
Manitoba  Breast  Tumour  Bank  (Winnipeg,  Manitoba, 
Canada).  As  previously  described,  all  cases  in  the  bank 
have  been  processed  to  create  formalin-fixed  and 
paraffin-embedded  tissue  blocks  and  mirror-image 
frozen  tissue  blocks.^  Histopalhological  analysis  has 
been  performed  on  haematoxylin  and  eosin  (H&E) 
stained  paraffin  sections  from  the  former  block  in  each 
case  to  determine  the  tumour  type,  tumour  grade 
(Nottingham  system)/^  and  the  distinction  between 
in  situ  and  invasive  elements.  Steroid  receptor  status  has 
been  determined  for  all  cases  by  ligand  binding  assay 
performed  on  an  adjacent  portion  of  tumour  tissue. 
Tumours  with  oestrogen  and  progesterone  receptor 
levels  below  3  and  10  fmol/mg  of  total  protein,  respect¬ 
ively,  were  considered  ER-  or  PR-negative.  Three 
groups  of  cases  were  used  in  this  study  as  detailed  below. 

The  initial  Tnicrodissection  case’  consisted  of  a  single 
tumour  (tumour  No.  2,  Table  J)  with  extensive  in  situ 
lobular  and  limited  (<25  per  cent)  invasive  lobular 
components. 

Received  2  duty  1998 
Revised  1  December  1998 
Accepted  14  April  1999 
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Table  I~ . Clinical  and  pathological  features  of  the  breast  tumours  studied  for  numimaglohin  mRNA  expression  by  in  situ 

hybridization* 


No. 

Manmmglohm  score 

Tumour  characteristics 

Normal 

ducts/lobulcs 

In  situ 
carcinoma 

Invasive 

carcinoma 

Nodal 

metastasis 

Tumour  type 

Age 

(years) 

Grade 

ER 

PR 

NS 

1 

0-0  (0  0  X  0  0) 

0*1  (1*0  X  0*1) 

0*0  (0-0  X  0-0) 

0*1  (TO  X  0-1) 

Ductal  NOS 

56 

ll 

47 

4-9 

+ 

2 

0*2 (2 -Ox  0*1) 

1-5  (3-0  X  0'5) 

0-0  (0  0  X  O’O) 

1*0  (2-0  X  0-5) 

Lobular 

45 

11 

3*5 

28 

+ 

3 

0*1  (1-Ox  0*1) 

0*2  (2-0  X  0-1) 

0*0  (0-0  X  0-0) 

na 

Lobular 

75 

I 

7-4 

9-1 

— 

4 

0-I(!0x01) 

0*5  (1*0  X  0*5) 

0*1  (TO  X  0-1) 

0*2  (2-0  X  0-1) 

Ductal  NOS 

48 

111 

0-6 

2-2 

+ 

5 

0-2 (2 -Ox  0-1) 

2*0 (2-Ox  TO) 

1*0  (TO  X  1*0) 

2*0  (2-0  X  TO) 

Lobular 

58 

11 

37 

15-9 

+ 

6 

0*1  (1-0  X  0*1) 

0*1  (1-Ox  0-1) 

TO  (2-0  X  0-5) 

1*5  (3-0  X  0-5) 

Ductal  NOS 

63 

II 

T8 

12-2 

+ 

7 

0*2  (2-0  X  0-1) 

0*2  (2*0  X  0-1) 

2*0  (2-Ox  TO) 

na 

Lobular 

70 

1 

9-2 

53 

— 

8 

0*0(T0x00) 

2*0  (2*0  X  TO) 

3*0 (3-Ox  TO) 

3*0  (3*0  X  TO) 

Lobular 

48 

1 

10-3 

7-2 

+ 

9 

0-0  (0*0  X  0-1) 

2*0 (2-Ox  TO) 

3*0  (3-0  X  TO) 

na 

Ductal  NOS 

72 

III 

32 

46 

— 

10 

0*1  (1-0  x  0-1) 

0*1  (TO  X  0-1) 

3*0 (3-Ox  TO) 

2*0  (2-0  X  TO) 

Duct  Lob  mix 

44 

U 

0-6 

27 

+ 

11 

0*0  (0-0  X  0-0) 

0*0  (0-0  X  0-0) 

0*0  (0  0  X  0-0) 

0*0  (0-0  X  0-0) 

Ductal  NOS 

80 

U 

I 

8-5 

+ 

12 

0*5  (1*0  X  0-5) 

0*0  (0-0  X  0-0) 

0*0  (0-0  X  0-0) 

0*0  (0-0  X  0-0) 

Ductal  NOS 

36 

II 

22 

42 

+ 

13 

0*2  (2-0  X  0-1) 

0*0  (0-0  X  0-0) 

0*0  (0-0  X  0-0) 

na 

Ductal  NOS 

32 

II 

5-8 

41 

+ 

*j\,!o=:(;asc  number.  The  level  of  numiniaf^iohin  expression  within  normal  ducts  and  lobules,  in  situ  tumour,  invasive  tumour,  and  nodal  metastasis 
components  in  each  ease  is  indicated  by  an  overall  score  (shown  in  bold)  derived  from  the  product  of  the  average  signal  intensity  x  the  proportion 
of  positive  epithelial  cells  in  each  region  (shown  in  parentheses)  as  described  in  the  Materials  and  Methods  section.  Tumour  type:  ductal 
NOS=invasivc  ductal  carcinoma;  lobular = invasive  lobular  carcinoma;  duct  lob  mix=mixcd  invasive  ductal  and  invasive  lobular  carcinoma.  Grade; 
Nottingham  grade  score.  ER/PR:  oestrogen  and  progesterone  receptor  levels  in  fmol/mg  total  protein,  na:  not  available.  NS:  axillary  nodal  status, 
+  =  node-positive;  -  =  node-negative. 


For  the  m  situ  hybridization  studies,  a  series  of  13 
tumours  was  selected  that  contained  normal  ducts  and 
lobules,  and  in  situ  and  invasive  tumour  components, 
within  a  single  section.  For  nine  of  these  cases, 
axillary  lymph  node  metastases  were  also  available  and 
these  tissue  blocks  were  analysed  simultaneously. 
The  histological  features  are  summarized  in  Table  I. 
These  cases,  which  included  the  initial  microdissection 
case,  comprised  invasive  ductal  (n-7),  invasive  lobular 
(/7=5),  and  invasive  mixed  duct  and  lobular  (/;=!) 
carcinoma  types.  The  tumour  grades  ranged  from  high 
(grade  III,  «=2),  through  intermediate  (grade  II,  «=8), 
to  low  (grade  1,  /7  =  3),  and  the  steroid  receptor  status 
included  both  ER-positive  (n-9)  and  ERmegative 
cases  («=4). 

For  the  RT-PCR  analysis  studies  of  manimaglohin 
expression,  a  second  panel  of  20  primary  breast  tumours 
and  their  corresponding  axillary  nodes  was  selected. 
This  panel  included  13  node-positive  tumours  and  seven 
node-negative  tumours  and  in  each  case,  the  nodal 
status  (i.e.  absence,  lymph  node-negative;  or  presence, 
lymph  node-positive)  of  the  frozen  tissue  lymph  node 
block  that  was  used  for  this  analysis  was  determined  by 
histological  analysis  of  H&E-stained  sections  from  the 
adjacent  mirror-image  formalin-fixed  and  paralfin- 
embedded  block.  In  this  series,  18  cases  were  invasive 
ductal  and  two  were  invasive  lobular  carcinomas  and  the 
majority  were  high  (n-l)  or  intermediate  (/?- 11)  grade, 
and  ER-positive  (/?=  16). 


Subtractive  hybridization  analysis 

The  microdissectioii  of  the  initial  single  tumour  case 
was  performed  as  previously  described.^  After  extraction 


of  total  RNA,  the  subtractive  hybridization  was  per¬ 
formed  as  previously  described,  using  the  in  situ  and  the 
invasive  component  of  the  initial  microdissection  case  as 
the  tester  and  the  driver,  respect ively."^ 


In  situ  hybridization 

Paraflin-embedded  5  fim  breast  tumour  sections  were 
analysed  by  in  situ  hybridization  according  to  a  pre¬ 
viously  described  protocol.^  The  plasmid  Mam-503, 
which  consisted  of  PCR^^^Il  plasmid  (Invitrogen,  San 
Diego,  CA.  U.S.A.),  containing  a  503  bp  insert  of 
manimaglohin  cDNA  between  bases  1  and  503,^  was 
used  as  a  template  to  generate  [^^S]  UTP-labelled  sense 
and  antisense  riboprobes  using  Riboprobe  '*  Systems 
(Promega,  Madison,  Wl,  U.S.A.)  according  to  the 
manufacturer’s  instructions.  Sections  were  then  devel¬ 
oped  and  counlerstained  with  H&E  after  15  days. 
Levels  of  mammaglohin  expression  were  assessed  in 
normal,  in  situ,  invasive,  and,  when  possible, 
nodal  metastastic  regions  by  bright-held  microscopic 
examination  at  low  magnification  and  using  a  previously 
described  semiquantitalive  approach.  Scores  were 
obtained  for  each  component  by  estimating  the 
average  signal  intensity  (on  a  scale  of  0  3)  and  the 
proportion  of  epithelial  cells  showing  a  positive  signal 
(0,  none;  OT,  less  than  one-tenth;  0*5,  less  than 
one-half;  1*0  greater  than  one-halQ-  The  intensity  and 
proportion  scores  were  then  multiplied  to  give  an  over¬ 
all  score.  Statistical  comparisons  between  matched 
compartments  were  performed  using  the  two-tailed 
Wilcoxon  signed  rank  test.  The  correlation  between 
mammaglohin  expression  within  the  invasive  component 
and  the  corresponding  nodal  metastasis  was  established 
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by  calculation  of  the  Spearman  rank  correlation 
coefficient. 

RT~PCR  analysis 

One  microgram  of  total  RNA  was  reverse-transcribed 
in  a  final  volume  of  20  /d  and  I  //I  of  the  reaction 
mixture  subsequently  amplified  by  PCR  as  previously 
described. The  primers  used  corresponded  to  manviuh 
glohin  (sense,  exon  1,  5'-CCGACAGCAGCAGCC 
TCAC-3\  located  in  the  mammaglohin  sequence  between 
bases  41  and  59*^  and  antisense,  exon  3,  5'-TCCGT 
AGTTGGTTTCTCAC-3',  located  in  the  mammaglohin 
sequence  between  bases  401  and  383^)  and  to  the  ubiqui¬ 
tously  expressed  glyceraIdehyde-3-phosphate  dehydro¬ 
genase  (GAPDH)  gene  (sense  5'-ACCCACTCCTC 
CACCTTTG-3^  and  antisense  5'-CTCTTGTGCTCTT 
GCTGGG-30.  To  amplify  cDNA  corresponding  to 
mammaglohin  and  GAPDH,  30  cycles  (30  s  at  94‘’C,  30  s 
at  SS'C,  and  30  s  at  72"C)  of  PCR  were  used.  Ten 
microlitres  of  mammaglohin  PCR  and  GAPDH  PCR 
were  mixed  and  analysed  by  electrophoresis  on 
preslained  (ethidium  bromide,  15//g/ml)  2  per  cent 
agarose  gels.  The  identity  of  the  expected  361  bp  long 
fragment  corresponding  to  mammaglohin  was  confirmed 
by  sequencing.  Association  between  mammaglohin 
expression  within  nodal  metastasis  and  histopathologi- 
cal  determination  of  nodal  status  was  tested  using 
Fisher’s  exact  test. 


RESULTS 

Identification  of  mammaglobin  mRNA  in  breast  cancer 

A  "microdissection  case’  that  contained  lobular  carci¬ 
noma  in  situ  associated  with  invasive  carcinoma  was 
selected  and  frozen  tissue  blocks  were  subjected  to 
microdissection  to  obtain  material  for  extraction  of  total 
RNA  corresponding  to  both  regions.^  This  RNA  pro¬ 
vided  the  substrate  for  a  recently  described  subtractive 
hybridization  technique. Upon  completion  of  subtrac¬ 
tion,  a  503  bp  long  fragment  was  isolated  as  correspond¬ 
ing  to  a  gene  overexpressed  in  the  in  situ  compartment 
(data  not  shown).  Sequencing  of  this  fragment  identified 
nucleotides  1  503  of  the  sequence  encoding  mamma- 
glohin,  a  recently  described  putative  member  of  the 
uteroglobin  family.^ 

Assessment  of  mammaglohin  mRNA  expression  in 
normal  breast  tissue,  in  situ  and  invasive  tumour 
elements  and  corresponding  axillary  lymph  nodes 

To  establish  which  cells  express  mammaglohin  mRNA 
within  breast  tumour  tissues  and  to  examine  the  distri¬ 
bution  of  the  expression  of  this  mRNA  within  dilferent 
breast  tumour  components.  13  cases  that  included  both 
lobular  and  ductal  tumours  were  selected  from  the 
NClC-Manitoba  Breast  Tumour  Bank.  For  each  case, 
the  age  of  the  patient  and  clinical  characteristics  of  the 
tumour  [i.e.  Nottingham  grade,  oestrogen  receptor 
(ER),  progesterone  receptor  (PR)  levels,  as  determined 


by  ligand  binding  assay,  and  nodal  status]  are  given  in 
Table  1.  Paraffin  tissue  sections  containing  normal  ducts/ 
lobules,  in  situ  and  invasive  elements  were  studied  by 
in  situ  hybridization,  together  (when  available)  with 
corresponding  axillary  lymph  node  paraffin  sections 
(Fig.  1).  No  signal  was  detectable  when  a  sense  probe 
was  used  (Fig.  lA).  in  contrast,  a  signal  varying  in 
intensity  was  observed  in  epithelial  cells  when  an  anti- 
sense  probe  was  used  (Figs  IB  ID).  Mammaglohin 
mRNA  was  not  detected  in  stromal  or  inflammatory 
cells  in  any  of  the  sections  studied.  Expression  of  mam¬ 
maglohin  was  quantified  in  each  component  using  a 
semi-quantitative  approach  described  in  the  Materials 
and  Methods  section  (Table  I).  Although  mammaglohin 
mRNA  was  found  to  be  overexpressed  in  the  in  situ 
tumour  cells  compared  with  normal  adjacent  epithelial 
cells  in  7/13  cases,  this  difference  did  not  reach  statistical 
significance  (Wilcoxon  signed  rank  test,  «=9,  /?>0-05). 
Similarly,  even  though  mammaglohin  expression 
appeared  higher  within  the  invasive  component  com¬ 
pared  with  normal  adjacent  elements  in  6/13  cases,  this 
difference  was  not  statistically  significant  (Wilcoxon 
signed  rank  test,  /?=10, /;>0*05).  However,  when  both 
in  situ  and  invasive  elements  were  combined,  mamma¬ 
glohin  expression  observed  in  tumour  was  higher  than 
that  seen  in  normal  adjacent  cells  (Wilcoxon  signed  rank 
test.  /7=12,  /;<0'02).  This  suggests  that  although  mam¬ 
maglohin  mRNA  is  predominantly  overexpressed  in 
cancer  cells  within  the  primary  tumour,  the  exact  stage 
at  which  this  increase  in  expression  occurs  varies 
between  tumours  and  the  nature  of  the  alteration  is 
complex.  For  example,  when  comparing  matched  in  situ 
and  invasive  components,  the  mammaglohin  mRNA 
level  was  found  to  be  increased  within  in  situ  elements  in 
5/13  (40  per  cent)  cases  (Table  1,  cases  1~5)  but  was 
increased  within  invasive  elements  in  5/13  (40  per  cent) 
cases  (Table  I,  cases  6  10)  and  was  similar  and  low  in 
3/13  (20  per  cent)  cases  (Table  I,  cases  1 1--13). 

In  nine  cases,  a  paraffin  tissue  block  from  a  synchro¬ 
nous  nodal  metastasis  was  also  available  for  study. 
Mammaglohin  expression  was  detectable  within  metas- 
lastic  tumour  cells  in  7/9  cases  and  was  undetectable 
only  in  the  two  cases  where  mammaglobin  expression 
was  absent  in  the  primary  tumour  (Table  I).  This 
detection  was  possible  in  both  early  metastasis  within 
the  subcapsular  sinus  (Fig.  1C)  and  established  metasta¬ 
sis  (Fig.  ID).  Evaluation  of  the  level  of  mammaglobin 
mRNA  expression  within  these  lymph  node  nietaslases 
revealed  a  significantly  (Wilcoxon  signed  rank  test,  «=8, 
/?<0  04)  higher  level  than  that  detected  in  matched 
normal  breast  tissue.  The  level  of  expression  of  mamma¬ 
glohin  mRNA  within  axillary  lymph  node  metastatic 
cells  was  also  found  to  correlate  closely  with  the  level 
observed  within  matched  invasive  elements  (Spearman 
r=0.89,  /7<0  002). 

Mammaglobin  niRNA  expression  within  the  primary 
invasive  tumour  component  appeared  to  be  unrelated  to 
several  pathological  indicators  of  tumour  differentiation 
and  prognosis.  Expression  was  observed  in  both  invasive 
ductal  and  lobular  tumour  types  and  increased  expres¬ 
sion  showed  no  relation  to  tumour  grade,  the  level  of 
steroid  receptors,  or  the  presence  or  absence  of  nodal 
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Fig.  1  -  Expression  mamnw^lohin  mRNA  in  a  primary  breast  tumour  and  concurrent  nodal  mctaslases  (ease  10,  Table  I)  studied  by 
in  sim  hybridization.  Plates  A  and  B  illuslraie  consecutive  sections  from  the  primary  tumour  showing  a  normal  lobular  unit  (in  the 
middle)  surrounded  by  invasive  lobular  carcinoma.  Plate  C  shows  a  focus  of  early  metastatic  tumour  confined  to  the  subcapsular  lymph 
node  sinus.  Plate  D  shows  established  nodal  metastasis  in  an  adjacent  lymph  node.  (A)  sense  probe:  (B,  C,  D)  antisense  probe 


metastasis.  Similarly,  cases  which  showed  an  apparent 
reduction  in  the  level  of  expression  between  in  situ  and 
invasive  elements  of  the  primary  tumour  showed  no 
distinguishing  features  from  those  which  showed  the 
opposite  changes. 

Detection  of  mammaglobin  mRNA  expression  in 
axillary  nodal  metastases 

Because  it  was  possible  to  detect  mammagfohin 
mRNA  in  axillary  lymph  node  metastases  in  seven  out 
of  nine  metastases  by  in  situ  hybridization,  and  because 
this  mRNA  had  previously  been  described  as  being 
absent  from  normal  lymph  node  tissue,"^  we  investigated 
the  possibility  that  manmuigJohm  could  be  a  marker  of 
axillary  lymph  node  metastases.  Twenty  independent 
cases  were  selected,  13  axillary  lymph  node-positive  and 
seven  node-negative.  Total  RNA  was  extracted  from 
frozen  primary  tumour  sections  and  frozen  node  sec¬ 
tions  of  corresponding  axillary  lymph  nodes.  The  histo¬ 
logical  status  of  all  tissues  was  confirmed  in  paraffin 
sections  cut  from  adjacent  mirror-image  paraffin  tissue 
blocks  that  had  been  processed  in  parallel  to  the  frozen 
blocks.^  Total  RNA  was  reverse-transcribed  and  ana¬ 
lysed  by  RT-PCR  using  primers  recognizing  specifically 
mammaglobin  cDNA  and  chosen  to  span  intronic 
regions.  PCRs  were  performed  in  triplicate  with  repro¬ 


ducible  results.  The  identity  of  the  PCR  product 
obtained  was  confirmed  by  sequencing.  As  shown  in 
Fig.  2,  no  mammaglobin  expression  was  delected  in 
lymph  nodes  from  cases  without  histologically  detect¬ 
able  tumour  cells  (0/7  cases).  In  contrast,  all  lymph 
nodes  previously  identified  to  contain  metastatic  breast 
tumour  cells  following  histopathological  assessment  had 
detectable  mammaglobin  expression  (13/13  cases).  The 
RT-PCR  detection  of  mammaglobin  mRNA  in  axillary 
lymph  nodes  appeared,  therefore,  strongly  associated 
(Fisher’s  exact  test,/?<0  ()00l)  with  the  histopathological 
detection  of  lymph  node  metastases. 

Consideration  of  the  frequency  of  mammaglobin 
mRNA  expression  delectable  by  RT-PCR  in  this  series 
(as  opposed  to  in  situ  hybridization  as  performed  in  the 
first  series)  shows  that  16/20  primary  tumours  were 
po.silive  overall.  The  absence  of  signal  in  four  cases 
could  not  be  attributed  to  degraded  RNA  and/or 
cDNA,  as  shown  by  the  amplification  of  the  ubiqui¬ 
tously  expressed  GAPDH  cDNA  in  the  same  cDNA 
samples.  These  mammaglohin-nQgaiWc  cases  included 
ductal  («=3)  and  lobular  (/i  =  1)  tumour  types,  both  high 
(/?=3)  and  intermediate  grade  (n-\)  and  ER-posilive 
(/7=2)  and  -negative  (n-2)  tumours.  Mammaglobin  was 
delected  at  a  higher  frequency  in  primary  tumours  that 
were  node-positive  (12/13  cases.  90  per  cent)  than  in 
primary  tumours  that  were  node-negative  (4/7  cases,  60 
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Fig.  2-  RT-PCR  analysis  of  mammaglobin  and  GAPDH  mRNA  expression  in  primary  brcasl  tumours  (P)  and  their 
corresponding  axillary  lymph  nodes  (N)  histologically  shown  to  contain  (node-positive)  or  not  to  contain  (node-negative) 
melastases.  PCR  products  were  mixed  before  separation  on  2  per  cent  agarose  gels  prestained  with  cthidium  bromide.  Black 
arrow:  prcxluct  corresponding  to  numunaglobin\  grey  arrow:  product  corresponding  to  GAPDH.  M;  Molecular  weight  marker 
(9?x174  RF  DNA/Hac  III  fragments:  Gibco  BRL.  Grand  Island,  NY,  U.S.A,).  N;  Negative  control;  no  cDNA  added  during 
the  PCR 


per  cent),  although  a  similar  trend  was  not  seen  in  the 
initial  series  studied  by  in  situ  hybridization. 


DISCUSSION 

Mammaghhin  has  recently  been  identified  as  a  breast- 
specific  gene  overexpressed  by  approximately  23  per  cent 
of  primary  breast  tumours.^  Mamniaglohin  is  considered 
to  be  a  member  of  the  uteroglobin  gene  family  and  also 
maps  to  a  region,^*  llql3,  that  is  frequently  associated 
with  alterations  in  breast  tumourigenesis,‘~  but  the 
cellular  origin  of  expression  of  mammaghhin  and  the 
relationship  between  expression  and  tumour  progression 
has  not  been  previously  determined.  Our  results  show 
that  the  pattern  of  mammaghhin  expression  within 
breast  tissues  and  tumour  components  is  complex. 
Expression,  is  however,  restricted  to  mammary  epithelial 
cells,  and  in  those  tumours  that  show  overexpression 
of  mammaghhin  in  the  invasive  primary  tumour, 
this  expression  appears  invariably  conserved  in  the 
concurrent  axillary  nodal  melastases. 

Mammaghhin  was  identified  in  the  present  study 
through  detailed  analysis  of  a  single  breast  tumour  to 
distinguish  genes  dilTerenlially  expressed  at  early  stages 
of  tumour  progression.  The  initial  observation  suggested 
that  mammaglohin  might  be  more  highly  expressed  in  the 
pre-invasive  in  situ  than  in  the  invasive  elements  of 
breast  tumours.  This  is  a  pattern  of  expression  that 


would  be  consistent  with  data  which  suggest  that  expres¬ 
sion  of  the  uteroglobin  can  influence  the  invasiveness  of 
epithelial  tumour  cells  in  other  tissues. However, 
subsequent  analysis  revealed  a  more  complex  pattern  of 
expression.  In  some  cases  (?t:20  per  cent),  expression 
was  undetectable  by  in  situ  hybridization  at  all  stages;  in 
some  per  cent),  the  expression  changed  little,  or 
even  declined  with  progression  from  in  situ  to  invasive 
disease:  and  in  others  (^5^40  per  cent),  the  expression 
increased.  We  also  found  that  mammaghhin  mRNA 
expression,  measured  by  either  in  situ  hybridization  or 
RT-PCR  in  the  primary  tumours,  was  unrelated  to 
tumour  type,  grade,  or  steroid  receptor  levels,  as  has 
been  previously  reported.*^’ 

This  complexity  in  expression  may  be  related  to  the 
fact  that  the  mammaghhin  gene  is  localized  to  a  chro¬ 
mosomal  region,  IlqiS,  that  has  been  previously  shown 
to  be  commonly  modified  during  breast  tumourigenesis. 
Alterations  at  this  locus  include  loss  of  heterozygosity  at 
markers  adjacent  to  and  on  either  side  of  the  mamma¬ 
ghhin  gene  (Pygm  and  Int-2)  occurring  at  increasing 
frequencies  (from  9  per  cent  up  to  67  per  cent  of 
infonnative  cases)  in  association  with  progression  from 
atypical  ductal  hyperplastic  breast  lesions,  through  lobu¬ 
lar  and  ductal  in  situ  neoplastic  lesions,  to  invasive 
breast  cancer.  Amplification  of  the  llql3  region 
that  includes  several  known  genes  such  as  int-1,  cyclin 
D1  and  ems-\  has  also  been  observed  in  up  to  15  per 
cent  of  invasive  breast  carcinomas,*'*  although  the 
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amplified  region  may  not  directly  involve  the  mammch 
glohin  gene.  The  possible  role  of  I  lql3  modifications  in 
the  differential  expression  of  the  mammaglohin  gene 
between  normal  and  malignant  breast  tissue  thus 
remains  to  be  addressed. 

In  the  course  of  our  own  molecular  studies,  even 
though  based  on  the  careful  niicrodissection  of  regions 
containing  a  majority  of  epithelial  cells,  we  have  ident¬ 
ified  genes  expressed  only  by  epithelial  cells,^  only  by 
fibroblastic  cells, or  by  both  tumour  and  stromal  cell 
types  (our  unpublished  data).  Therefore,  the  determi¬ 
nation  of  the  epithelial  cellular  origin  and  range  of 
tumour  components  that  express  a  particular  gene 
hi  vivo,  as  opposed  to  within  established  cell  lines,  is  of 
crucial  importance  if  we  are  to  understand  the  molecular 
functions  of  encoded  proteins  and  their  potential 
applications  as  tumour  cell  markers. 

Given  the  previous  suggestion  that  mammaglohin 
expression  is  restricted  to  breast  tissues,^  we  have  exam¬ 
ined  the  potential  of  this  gene  to  be  a  marker  of  breast 
metastasis  within  axillary  lymph  nodes.  Using  RT-PCR, 
it  was  possible  to  detect  mammaglohin  in  13  out  of  13 
sections  from  axillary  lymph  nodes  shown  by  histo- 
pathological  examination  of  adjacent  paraffin  sections  to 
contain  metastatic  cells  and  in  none  of  seven  nodes  that 
were  negative.  The  increased  frequency  of  detection  of 
mammaglohin  in  breast  tumour  cells  using  RT-PCR 
(primary  16/20  cases,  80  per  cent;  metastasis  13/13  cases, 
100  per  cent),  compared  with  in  situ  hybridization 
(primary  10/13  cases,  77  per  cent;  metastasis  7/9  cases,  77 
per  cent)  or  northern  blot  (primary  23  per  cent)  as  used 
by  others^  is  most  likely  due  to  differences  in  sensitivity 
between  assays. 

The  physiological  role  of  mammaglohin  in  breast 
tissue  is  unknown,  as  is  its  possible  involvement  in  breast 
iumourigenesis.  Our  data  suggest,  however,  that  mam- 
maglohin  gene  expression  is  modified  during  breast 
iumourigenesis  and  that  it  may  be  a  good  candidate 
marker  for  the  detection  and  characterization  of  breast 
cancer  metastasis. 
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Abstract. 


Alteration  of  Psoriasin  (S100A7)  expression  has  previously  been  identified  in  association  with  the 
transition  from  pre-invasive  to  invasive  breast  cancer.  In  this  study  we  have  examined  psoriasin 
mRNA  and  protein  expression  in  relation  to  prognostic  factors  in  a  cohort  of  57  invasive  breast 
tumors,  comprising  34  invasive  ductal  carcinomas  and  23  other  invasive  tumor  types  (lobular, 
mucinous,  medullary,  tubular).  We  first  developed  an  IgY  polyclonal  chicken  antibody  and 
confirmed  specificity  for  psoriasin  by  Western  blot  and  immunohistochemistry  in  transfected  cells 
and  tumors.  The  protein  was  also  localized  by  immunohistochemistry  to  epithelial  and  stromal  cell 
cytoplasm  as  well  as  nuclei  in  psoriatic  skin  and  breast  tumors,  however  in-situ  hybridization 
showed  that  psoriasin  mRNA  expression  was  restricted  to  epithelial  cells.  In  tumors,  higher  levels 
of  psoriasin  measured  by  RT-PCR  and  Western  blot  (93%  concordance)  were  significantly 
associated  with  ER  and  PR  negative  status  (p<0.0001,  p=0.0003),  and  with  nodal  metastasis  in 
invasive  ductal  tumors  (p=0.035),  but  not  with  tumor  type  or  grade.  Psoriasin  expression  also 
correlated  with  inflammatory  infiltrates  (all  tumors  excluding  medullary,  p=0.0022).  These  results 
suggest  that  psoriasin  may  be  a  marker  of  aggressive  behaviour  in  invasive  tumors  and  are  also 
consistent  with  a  function  as  a  chemotactic  factor. 
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Introduction 


Earlier  diagnosis  of  breast  cancer  has  increased  the  need  for  identification  of  molecular  alterations 
that  might  serve  as  tissue  markers  to  predict  the  risk  of  progression  to  metastatic  disease.  Amongst 
the  most  important  of  these  alterations  are  likely  to  be  those  associated  with  the  development  of  the 
invasive  phenotype  and  the  transition  from  pre-invasive  to  invasive  cancer  with  the  capability  for 
subsequent  metastasis. 

We  have  recently  identified  psoriasin,  (S100A7)  as  a  gene  that  is  frequently  overexpressed  in  pre- 
invasive  ductal  carcinoma  in  situ  (DCIS)  relative  to  adjacent  invasive  carcinoma,  suggesting  a  role 

in  breast  tumor  progression  Other  members  of  the  SI  00  gene  family  of  calcium  binding  proteins 

have  been  implicated  in  a  range  of  biological  processes  including  tumor  metastasis  2.  In  particular, 
S100A2  has  been  shown  to  be  downregulated  in  breast  tumor  cells  relative  to  their  normal 

epithelial  cell  counterparts  3,  while  upregulation  of  S100A4  has  been  strongly  implicated  in  breast 
tumor  metastasis  In  the  latter  case  this  may  reflect  the  ability  of  S100A4  to  influence  cell 
motility  the  cytoskeleton  ^  or  cell  adhesion  molecules 

Psoriasin  was  initially  identified  as  a  highly  abundant  protein,  belonging  to  the  SI 00  gene  family 
11,  expressed  by  abnormally  proliferating  keratinocytes  in  psoriatic  epidermis  l^j  13.  it  has 
subsequently  been  shown  to  be  a  secreted  protein  that  can  exert  an  effect  as  a  chemotactic  factor  for 
inflammatory  cells  14>  15.  However  the  function  of  psoriasin  in  breast  cancer  remains  to  be 

determined  1^.  In  this  study  we  have  developed  a  psoriasin  specific  antibody  and  evaluated 
psoriasin  expression  in  invasive  breast  tumors  with  different  invasive  and  metastatic  potential  as 
well  as  host  inflammatory  response. 
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Materials  and  Methods 


Human  breast  tissues  and  cell  lines 

All  breast  tumor  cases  used  for  this  study  were  selected  from  the  NCIC-Manitoba  Breast  Tumor 

Bank  (Winnipeg,  Manitoba,  Canada).  As  has  been  previously  described  tissues  are  accrued  to 
the  Bank  iBrom  cases  at  multiple  centers  within  Manitoba,  rapidly  collected  and  processed  to  create 
matched  formalin-fixed-embedded  and  frozen  tissue  blocks  for  each  case  with  the  mirror  image 
surfaces  oriented  by  colored  inks.  The  histology  of  every  sample  in  the  Bank  is  uniformly 
interpreted  by  a  pathologist  in  Hematoxylin/Eosin  (H&E)  stained  sections  from  the  face  of  the 
paraffin  tissue  block.  This  information  is  available  in  a  computerized  database  along  with  relevant 
pathological  and  clinical  information  and  was  used  as  a  guide  for  selection  of  specific  paraffin  and 
frozen  blocks  from  cases  for  this  study.  For  each  case  interpretations  included  an  estimate  of  the 
cellular  composition  (including  the  percentage  of  invasive  epithelial  tumor  cells,  collagenous 

stroma  and  fatty  stroma),  tumor  type  and  tumor  grade  for  ductal  tumors  (Nottingham  score) 

The  inflammatory  host  response  was  scored  semi-quantitatively  on  a  scale  of  l(low)  to  5 (high). 
Steroid  receptor  status  was  determined  for  all  cases  by  ligand  binding  assay  performed  on  an 
adjacent  portion  of  tumor  tissue.  Tumors  with  estrogen  and  progesterone  receptor  levels  above  20 
fmol/mg  and  15  fmol/mg  of  total  protein  respectively  were  considered  ER  or  PR  positive. 

Two  cohorts  of  tumors  were  selected.  The  first  cohort  comprised  35  invasive  ductal  carcinomas 
selected  to  include  6  subgroups  differing  in  respect  to  estrogen  receptor  status  (ER  positive  and  ER 
negative)  cuid  tumor  grade  (low,  intermediate,  high).  Additional  selection  criteria  also  included  high 
tissue  quality,  presence  of  invasive  tumor  within  >35%  of  the  cross  section  of  the  frozen  block  for 
invasive  ductal  cases,  and  minimal  (<5%)  normal  or  in-situ  epithelial  components.  The  second 

cohort  comprised  23  invasive  tumors  selected  to  include  4  subgroups  of  different  tumor  types 
that  vary  in  differentiation  and  metastatic  potential  including  invasive  lobular  (6),  medullary  (5), 
tubular  (6),  and  colloid  (6).  Similar  secondary  criteria  were  also  used  for  this  cohort. 

For  analysis  of  antibody  specificity  and  for  positive  controls  for  tumor  assays,  MCF7  hiunan  breast 
cancer  cells  obtained  from  the  ATCC  were  used.  MCF7  cells  were  grown  as  previously  described 
under  normal  conditions  in  the  presence  of  5%  fetal  bovine  serum,  to  provide  a  negative  control  20, 
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Alternatively  MCF7  cells  were  subjected  to  estrogen  deprived  conditions  in  the  presence  of 

I 

charcoal-stripped  serum  prior  to  stimulation  by  estradiol  (10'*  M)  for  48  hours  prior  to  harvesting  to 
induce  psoriasin  expression  and  provide  a  positive  control.  As  an  additional  positive  control  MDA- 
MB-231  human  breast  cancer  cells  were  transfected  with  a  plasmid  containing  the  CMV  promotor- 
adjacent  to  the  psoriasin  cDNA  (manuscript  in  preparation)  and  stable  transfectants  (CL7FD3  cell 
clone)  expressing  psoriasin  mRNA  were  also  used. 

Antibody  Reagents. 

A  psoriasin  specific  chicken  IgY  polyclonal  antibody  was  generated  by  immunization  of  chickens 
with  a  14  amino  acid  peptide  corresponding  to  the  carboxy  terminus  of  psoriasin 
(KQSHGAAPCSGGSQ,  Bionostics,  Toronto,  and  Aves  Labs,  Inc,  Oregon).  A  >90%  pure  IgY 
fraction  j&om  chicken  egg  yolk,  was  obtained  in  PBS  and  then  further  purified  by  passing  it  over  a 
psoriasin  peptide  affinity  column  made  by  binding  the  synthetic  peptide  to  NHS-activated 
Sepharose  4B  (Pharmacia  Biotech),  according  to  the  manufacturer’s  instructions.  The  bound  IgY 
was  then  eluted  with  5.0  M  Sodium  thiocyanate.,  followed  by  dialysis  against  2  changes  of  PBS. 
Additional  antibodies  used  included  a  commercial  anti-SlOO  antibody  (Sigma)  as  well  as  another 
anti-psoriasin  sheep  polyclonal  antibody  generated  by  using  the  same  carboxy  terminus  synthetic 
peptide  in  sheep  (Bionostics),  and  a  rabbit  polyclonal  antibody,  raised  against  the  recombinant 
protein  (kindly  provided  by  Prof  J.  Celis,  University  of  Aarhus,  Denmark). 

Western  Blot  Analysis 

For  tumors,  multiple  sections  (10-20  x  20pm)  were  cut  from  the  face  of  frozen  tissue  blocks 

immediately  adjacent  to  the  face  of  the  matching  paraffin  block  17.  Por  cell  lines,  trypsinized  cell 
pellets  were  obtained  from  breast  cancer  cell  lines  (grown  to  ~80%  confluence).  Total  protein 
lysates  were  extracted  from  both  the  cell-line  pellets  and  frozen  tissue  sections,  using  Tri-reagent 
(Sigma),  as  described  by  the  manufacturer.  The  recovered  protein  was  dissolved  in  SDS-Isolation 
Buffer  (50  mM  Tris,  pH  6.8, 20  mM  EDTA,  5%  SDS,  5  mM  P-glycerophosphate,  and  a  cocktail  of 
protease  inhibitors  (Boehringer  Mannheim).  Protein  concentrations  were  determined  using  the 
Micro-BCA  Protein  assay  kit  (Pierce).  Sixty  pg  of  total  protein  lysates  were  run  on  a  16.5%  SDS- 

PAGE  mini  gel,  using  Tricine  SDS-PAGE  to  separate  the  proteins  21  and  then  transferred  to 
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0.2  ^irn  Nitrocellulose  (Bio-Rad).  After  blocking  in  10%  skimmed  milk  pwder  in 
TBS-0.05%  Tween  (TBST  buffer),  blots  were  incubated  with,  chicken  IgY  anti-psoriasin  antibody 
(~15  pg/ml  in  TBST),  followed  by  incubation  with  secondary  antibody,  rabbit  IgG  anti-chicken 
IgY  -  conjugated  to  HRP  (1:5000  dilution  in  TBST,  Jackson  ImmunoResearch  Laboratories,  Inc), 
and  visualization  by  incubation  with  Supersignal  (Pierce)  as  per  manufacturer  s  instructions. 
Exposed  x-ray  films  were  photographed  and  the  band  intensities  determined  by  video-image 
analysis,  using  MCID  M4  software  (Imaging  Research,  St.  Catherine’s,  Ont.).  All  signals  were 
adjusted  with  reference  to  the  psoriasin  transfected  MDA-MB-23 1  cell  control  (CL7FD3),  run  on 
each  blot. 

Immunohistochemistry 

Immunohistochemistry  was  performed  on  5  pm  paraffin  embedded  breast  tumor  tissue  sections 
from  tissue  blocks  fixed  in  10%  neutral  buffered  formalin  for  18  to  24  hours.  After  deparaffmizing, 
clearing  and  hydrating  to  PBS  buffer  (Phosphate  Buffered  Saline,  pH  7.4)  containing  0.05%  Tween 
20  (Mallinckrodt),  the  sections  were  pre-treated  with  hydrogen  peroxide  (3%)  for  10  minutes  to 
remove  endogenous  peroxidases  and  non-specific  binding  was  blocked  with  normal  rabbit  serum 
(1 :50,  Sigma)  to  inhibit  non-specific  binding.  Primary  chicken  IgY  anti-psoriasin  antibody  (1 :500 
dilution  in  PBS)  was  applied  for  one  hour  at  37  °C  followed  by  washing  and  incubation  with  the 
secondary  antibody,  peroxidase-conjugated  affinity  purified  rabbit  anti-chicken  (1:200  dilution),  for 
1  hour  at  room  temperature.  Detection  was  performed  with  DAB  peroxidase  substrate  (Sigma)  and 
counterstaining  with  Methyl  Green  (2%),  followed  by  dehydration,  clearing  and  mounting.  A 
positive  tissue  control  and  a  negative  reagent  control  (normal  rabbit  serum  /  no  primary  antibody) 
were  run  in  parallel  in  all  experiments.  Immunostaining  pattern  and  intensity  were  assessed  by  light 

microscopy  and  both  parameters  were  scored  using  an  H-score  system  as  previously  described  ^2. 
In-situ  hybridization 

In-situ  hybridization  was  performed  on  paraffin  sections  (5  micron)  according  to  a  previously 
described  protocol  1.  Linearized  psoriasin  plasmid  cDNA,  1.0  ug/ul  was  used  to  generate  UTP®^^ 
labelled  sense  and  antisense  RNA  probes  using  the  Riboprobe  System  (Promega,  Madison, WI.) 
according  to  the  manufacturer’s  instructions.  Sense  and  antisense  probes  were  equalized  by  diluting 
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1x10®  cpm/|al  in  hybridization  solution.  These  were  then  applied  to  paraffin  sections 
(approximately  30  pi  of  probe  per  section)  that  had  undergone  post-fixation  with  4% 
paraformaldehyde,  pH  7.4  in  PBS  and  further  pretreatments  with  triethanolamine/acetic  anhydride 
and  proteinase  K  prior  to  hybridization.  Sections  were  then  coverslipped,  sealed  and  incubated 
overnight  in  a  humid  chamber  at  42°  C.  After  coverslip  removal,  sections  underwent  incubation  in 
post-hybridization  solution  and  buffered  Rnase  A  (20  pg/ul),  followed  by  several  washes  in 
descending  dilutions  of  SSC  buffer  to  remove  weakly  bound  non-specific  label.  After  dehydration 
in  ethanol  containing  300  mM  ammonium  acetate,  the  sections  were  coated  in  NTB-2  Kodak 
emulsion  and  subsequently  developed  after  various  time  intervals  from  2  to  5  weeks,  and 
counterstained  with  Lee’s  Methylene  Blue  and  Basic  Fuchsin.  Psoriasin  expression  was  assessed  by 
brightfield  microscopic  examination  at  low  power  (lOx  objective)  magnification  with  reference  to 
the  negative  sense  and  positive  control  tumor  sections  run  with  each  batch.  Levels  were  scored  as 

previously  described  23  by  assessing  the  average  signal  intensity  (on  a  scale  of  0  to  3)  and  the 
proportion  of  tumor  cells  showing  a  positive  signal  (0,  none;  0.1,  less  than  one  tenth;  0.5,  less  than 
one  half;  1 .0  greater  than  one  half).  The  intensity  and  proportion  scores  were  then  multiplied  to 
give  an  overall  score.  Tumors  with  a  score  lower  than  1.0  were  deemed  negative  or  weakly 
positive. 

Reverse  Transcriptase-Polymerase  Chain  Reaction  (RT-PCR)  Analysis. 

RT-PCR  was  performed  based  on  extracted  RNA  (600ng)  that  was  reverse  transcribed  in  a  total 

volume  of  20pl  as  described  previously  Briefly,  reverse  transcription  completed  using  the 
following  reaction  mixture:  for  each  sample,  200  ng  (2  pi  of  0.1  pg/ul)  of  total  RNA  was  added  to 
16  pi  of  RT  mix  (4  pi  of  5X  RT  buffer;  lul  of  each  dATP,  dCTP,  dGTP,  and  dTTP  all  at  2.5mM;  2 
pi  of  0.1%  BSA;  2  pi  of  0.1  M  DTT;  1  pi  of  0.25M  random  hexamer  primer;  2  pi  of  DMSO  and  lul 
of  200  units/pl  of  MMLV  reverse  transcriptase)  and  incubated  at  37°C  for  1.5  hours.  Each  PCR 
reaction  was  performed  in  a  50  pi  volume  using  1  pi  of  the  completed  RT  reaction  (cDNA);  30.8  pi 
of  sterile  water;  5  pi  of  lOX  PCR  buffer;  5  pi  of  25mM  MgCl2;  200  mM  each  of  dATP,  dCTP, 
dGTP  and  dTTP;  1  pi  of  DMSO;  1  unit  of  Taq  DNA  polymerase  and  0.5  pi  of  50  mM  PCR 
primers.  The  psoriasin  primers  were  sense  (5  -AAG  AAA  GAT  GAG  CAA  CAC  -3’)  and  antisense 

(5’-CCA  GCA  AGG  ACA  GAA  ACT-3’)  corresponding  to  the  cDNA  sequence  1^,  or  alternatively 
PCR  was  performed  with  GAPDH  primers,  sense  (5’-ACC  CAC  TCC  TCC  ACC  TTT  G-3’)  and 
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antisense  (5’-  CTC  TTG  TGC  TCT  TGC  TGG  G-3’)  24.  For  PCR  amplification  the  reaction 
comprised  an  initial  step  of  5  minutes  at  94°C,  and  then  45  cycles  (30  seconds  at  94°C,  30  seconds 
at  56°C,  30  seconds  at  72°C)  for  psoriasin  or  35  cycles  (45  seconds  at  93°C,  45  seconds  at  58°C,  30 
seconds  at  72°C)  for  GAPDH.  PCR  products  of  the  two  genes  amplified  from  the  same  RT  reaction 
were  loaded  into  the  same  wells  onto  a  1.5%  agarose  gel  prior  to  electrophoresis  and  ethidium 
bromide  staining  in  order  to  visualize  psoriasin  (246  bp)  and  GAPDH  (198  bp)  cDNAs  under  UV 
illumination. 

Preliminary  experiments  were  performed  with  cell  line  and  tumor  RNA  samples  to  establish  the 
appropriate  RNA  input  and  PCR  cycle  number  conditions  to  achieve  amplification  with  both 
psoriasin  and  GAPDH  primers  in  the  linear  range  in  a  typical  sample.  Tumors  from  each  cohort 
were  processed  as  a  batch,  from  frozen  sectioning  to  RNA  extraction,  reverse  transcription  in 
triplicate  and  then  duplicate  PCRs  from  each  RT  reaction.  For  each  batch  controls  included  RT- 
and  RNA-  controls,  and  both  psoriasin  positive  (estradiol  stimulated  MCF7)  and  psoriasin  negative 
(untransfected,  wild  type  MDA-MB-231  cells)  RNA  controls.  All  primary  tumor  PCR  signals  were 
assessed  in  gels  and  autoradiographs  by  video  image  capture  and  MCID-M4  image  analysis 
program.  Psoriasin  expression  was  standardized  to  GAPDH  expression  assessed  from  the  same  RT 
reaction  in  separate  PCR  reactions  and  run  in  parallel  on  the  same  gel,  and  the  mean  of  each 
duplicate  PCR  then  expressed  relative  to  the  levels  in  the  MCF7  cell  line  standard.  To  correct  for 
differences  in  processing  between  electrophoresis  gels,  psoriasin  levels  in  each  tumor  were  further 
standardized  to  a  set  of  PCR  product  standards  incorporated  into  each  gel. 

Statistical  Analysis. 

For  analysis  of  associations,  standardized  psoriasin  mRNA  levels  were  used  either  as  a  continuous 
variable  or  transformed  into  low  or  high  expression  categories  using  a  level  of  1  relative  density 
units.  This  cutpoint  was  selected  to  correspond  to  the  lowest  level  at  which  protein  could  be 
detected  by  Western  blot.  Correlations  with  ER  and  PR  levels  and  inflammation  were  tested  using 
Spearmans  test.  Associations  with  categorical  variables  were  tested  by  either  Mann  Whitney  or 
ANOVA  tests  for  selected  dependent  variables,  or  im-paired  t-test  for  independent  variables,  or 
Chi-squared  test. 


8 


Results 


Characterization  of  Psoriasin  Specific  Antibodies 

Multiple  SI 00  proteins  are  expressed  in  individual  tissues  and  cells.  To  speeifically  distinguish 
psoriasin  expression  within  archival  formalin  fixed  and  paraffin  embedded  tissues  we  raised  a 
polyclonal  antibody  in  chicken  against  a  synthetic  peptide  that  corresponded  to  the  COOH  terminus 
of  psoriasin.  This  14  amino  acid  region  was  seleeted  on  the  basis  of  very  low  homology  to  other 
SI 00  proteins.  Western  blot  analysis  of  an  MDA-MB-231  breast  cell  line  transfected  with  a 
plasmid  incorporating  psoriasin  cDNA  under  the  control  of  a  CMV  promotor  (and  known  to 
express  psoriasin  mRNA  by  Northern  blot,  xmpublished  data)  and  breast  tumors  showed  a  single 
band  corresponding  to  a  protein  of  approx  11.5  kDa  with  the  chicken  IgY  antibody  (figure  lA). 
This  signal  could  be  inhibited  by  pre-incubation  of  the  primary  antibody  with  psoriasin  synthetic 
peptide  (data  not  shown),  and  was  absent  from  the  wild  type  and  vector  alone  transfected  MDA- 
MB-231  control  cells.  By  comparison  a  commercial  anti-SlOO  antibody  (Sigma),  known  to  detect 

several  SI 00  proteins  in  MDA-MB-231  cells  25^  weakly  recognized  the  same  11.5  kDa  protein  in 
transfected  cells  as  well  as  several  other  SI 00  proteins  in  most  samples  (figure  IB).  Both  antibodies 
recognized  additional  higher  molecular  weight  bands  in  most  samples.  However,  specificity  of  the 
11.5  kDa  psoriasin  signal  was  further  confirmed  by  Western  blot  using  another  anti-psoriasin 
polyclonal  antibody  raised  against  the  same  peptide  in  sheep,  and  a  third  polyclonal  anti-psoriasin 
rabbit  antibody  previously  raised  against  a  recombinant  psoriasin  protein  (data  not  shown). 

Loealization  of  Cellular  Expression  of  Psoriasin 

To  assess  the  ability  of  these  antibodies  to  detect  psoriasin  in  formalin-fixed  paraffin  embedded 
tissues  we  selected  paraffin  blocks  from  a  set  of  13  breast  tumors  that  showed  high  (6  cases)  or  low 
(7  cases)  levels  of  psoriasin  mRNA  expression  (determined  by  RT-PCR  analysis  of  RNA  extracted 
from  sections  cut  from  the  adjacent  mirror  image  frozen  tissue  blocks  as  described  below).  Two 
independent  skin  biopsies  from  psoriatic  lesions  and  a  laryngeal  squamous  carcinoma  were  also 
selected  as  positive  control  tissues.  All  cases  were  subjected  to  both  immunohistochemistry  and  in- 
situ  hybridization  on  adjacent  sections  and  both  signals  were  assessed  independently  using  a  semi- 
quantitative  scoring  system  and  without  reference  to  the  RT-PCR  results  (Table  1).  There  was  a 
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good  correlation  between  IHC  protein  expression  and  mRNA  expression  determined  by  either  RT- 
PCR  (r=0.84,  p=0.0003)  or  ISH  (r=0.59,  p=0.035),  despite  the  presence  of  additional  apparently 
non-specific  bands  detected  by  Western  blot.  Psoriasin  protein  signals  in  breast  tumors  were 
detected  at  different  levels,  predominantly  within  epithelial  tumor  cells  but  also  within  some 
adjacent  inflammatory  cells  and  in  some  eases  also  on  the  luminal  aspeets  of  endothelial  eells 
within  small  vessels  (figure  2).  However,  in-situ  hybridization  demonstrated  that  mRNA  expression 
was  limited  to  tumor  cells  (figure  2).  An  unexpeeted  finding  was  that  psoriasin  protein  appeared  to 
be  localized  within  both  breast  tumor  cell  nuclei  as  well  as  eytoplasm.  Examination  of  skin  biopsies 
showed  that  positive  immunohistochemical  staining  was  predominantly  localized  to  keratinocytes 
within  the  mid  to  upper  zones  of  the  epidermis,  eorresponding  to  the  eells  that  also  showed  mRNA 
expression  by  in-situ  hybridization  (figure  2).  Positive  immunohistochemical  staining,  but  no 
mRNA  signal,  was  also  observed  on  the  luminal  aspeet  of  endothelial  cells  lining  small  vessels 
with  the  underlying  dermis.  Psoriasin  protein  appeared  to  be  localized  to  the  cytoplasm  within  most 
keratinocytes,  however  in  some  areas  of  the  epidermis  strong  nuclear  staining  was  also  observed, 
similar  to  the  staining  pattern  seen  in  breast  tumors  (figure  2).  The  same  nuclear  and  cytoplasmic 
localization  was  also  detected  in  a  squamous  laryngeal  carcinoma,  and  with  the  sheep  anti-psoriasin 
antibody  (data  not  shown).  However  the  third  polyclonal  rabbit  anti-psoriasin  antibody  previously 

shown  to  provide  immunofluorescent  staining  in  frozen  skin  sections  ^6^  (jy  ^ot  detect  any 
signal  on  paraffin  sections  from  skin  or  breast.  Additional  experiments  were  performed  with  the 
chicken  IgY  antibody  on  skin  and  breast  tumor  sections  in  which  immunohistochemical  conditions 
(microwave  vs  protease  antigen  retrieval)  and  tissue  treatment  /  fixation  conditions  (formalin  vs 
alcohol  vs  paraformaldehyde  vs  frozen)  were  varied,  and  nuelear  localization  persisted  under  all 
conditions  (data  not  shown). 

Expression  of  Psoriasin  in  Tumors 

The  changes  in  psoriasin  expression  previously  observed  in  association  with  the  transition  from  in- 
situ  to  invasive  carcinoma  suggested  a  funetional  role  in  early  stages  of  progression.  However, 
alteration  of  psoriasin  expression  in  normal  skin  has  also  been  associated  with  abnormal 
keratinoeyte  differentiation.  To  examine  the  relationship  of  psoriasin  with  differentiation  and 
invasiveness  further  we  examined  psoriasin  mRNA  and  protein  levels  in  a  cohort  of  invasive 
tumors  that  included  several  different  tumor  types  and  a  range  of  differentiation  as  determined  by 
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tumor  grade  and  estrogen  receptor  status  (Table  2).  Psoriasin  mRNA  was  detected  in  all  tumors  by 
RT-PCR,  but  the  levels  varied  considerably  (figure  3).  Within  the  invasive  ductal  subgroup  there 
was  no  significant  difference  in  psoriasin  expression  with  tumor  grade.  There  was  also  no 
significant  difference  between  tumor  size  or  types,  although  there  was  a  trend  towards  lower  levels 
of  expression  in  both  well  differentiated  tumor  types,  tubular  and  mucinous  carcinomas,  while 
lobular  and  medullary  carcinomas  showed  a  trend  towards  higher  expression  than  invasive  ductal 
tumors.  However  higher  levels  of  psoriasin  mRNA  expression  showed  a  significant  inverse 
correlation  with  both  ER  and  PR  levels  (r  =  -0.66,  p=0.0001;  r=-0.47,  p=0.0003  Spearman)  and 
with  ER  and  PR  negative  status  (ER  -ve  vs  +ve;  n=28  vs  29,  mean  1.032  ®  ’  vs  0.32  ,  p<0.0001 

Mann  Whitney;  PR  -ve,  n=25  vs  32,  1.05  vs  0.37  p<0.0001)  in  all  tumors  and  also  within 

the  invasive  ductal  subgroup.  Psoriasin  expression  was  also  higher  in  axillary  node  positive  cases  in 
all  tumors  (mean  ^  =  0.86  vs  0.59  ®  )  and  the  difference  was  statistically  significant  for  the 

invasive  ductal  subgroup  (mean  0.88  ®  ”  vs  0.38  ,  p=0.035  t-test).  These  relationships  with 

ER,  PR  and  nodal  status  (Table  3)  were  also  evident  and  remained  statistically  significant  after 
correction  of  psoriasin  levels  for  the  relative  tumor  cell  content  within  the  tissue  sections  studied. 

As  anticipated  Western  blot  analysis  was  less  sensitive  and  psoriasin  protein  was  only  detectable  in 
10  tumors  (Table  2,  figure  4).  These  tumors  (6  ductal,  2  lobular,  2  medullary)  corresponded  to 
those  with  the  highest  mRNA  levels  observed  by  RT-PCR  (above  1.0  abitrary  expression  units). 
Also  consistent  with  RT-PCR  analysis,  western  blot  positive  invasive  ductal  tumors  were  also 
significantly  associated  with  ER  negative  (p<0.0001)  and  PR  negative  (p<0.0012)  and  node 
positive  (p=0.0143)  status  (Table  3). 

The  relationship  between  psoriasin  expression  and  host  inflammatory  response  was  also  examined 
(Table  3).  This  showed  a  significant  positive  correlation  both  in  the  entire  cohort  (n=57,  r=0.47, 
p=0.0002),  in  the  entire  cohort  excluding  the  medullary  carcinoma  subgroup,  which  includes 
inflammatory  infiltrates  as  a  diagnostic  criterion  (n=52,  r=0.42,  p=0.0022)  and  within  the  invasive 
ductal  subgroup  alone  (n=34,  r=0.39,  p=0.023). 
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Discussion 


We  have  developed  a  psoriasin  specific  antibody  and  confirmed  its  specificity  as  well  as  its  ability 
to  detect  the  psoriasin  protein  in  formalin  fixed  and  paraffin  embedded  specimens.  We  have  shown 
that  there  is  a  high  concordance  between  psoriasin  mRNA  and  protein  levels  in  invasive  tumors  and 
higher  levels  are  significantly  associated  with  poor  prognostic  markers  including  ER  and  PR 
negative  and  lymph  node  positive  status.  Psoriasin  protein  expression  is  also  associated  with 
inflammatory  infiltrates. 

Indirect  support  for  a  role  for  SI 00  genes  in  breast  tumor  progression  is  provided  by  several 
observations.  Disruption  of  calcium  signaling  pathways  has  been  implicated  as  a  central 

mechanism  in  tumorigenesis  and  specifically  in  the  process  of  invasion  and  metastasis  ^7.  Also  the 
chromosomal  location  of  the  SI 00  gene  family  lies  in  a  region  of  chromosome  1  that  frequently 

(>50%)  shows  loss  of  heterozygosity  in  invasive  tumors  ^8.  Furthermore,  several  SI 00  genes  are 
expressed  in  breast  cell  lines  and  tumors  and  are  known  to  manifest  alteration  of  their  expression  in 
association  with  tumorigenesis  and  progression  75,  29  particular,  S100A2  and  S100A4  have 

been  identified  to  be  differentially  expressed  between  normal  and  neoplastic  cells  ^^and 

upregulated  in  metastatic  as  compared  to  non-metastatic  cells  in  both  mouse  and  rat  mammary 
tumor  cell  lines  32  in- vivo  studies  of  breast  tumors  have  also  shown  a  correlation  between  high 
levels  of  S100A4  expression,  nodal  metastasis  and  ER  negative  status  33,  More  direct  evidence  has 
emerged  from  modulation  of  S100A4  expression  in  transfected  cell  lines  that  have  shown  that 
overexpression  of  SI 00 A4  can  also  induce  the  metastatic  phenotype  in  mouse,  rat  and  human  cells 
4,  6,  34,  Furthermore  there  is  evidence  that  S100A4  may  exert  its  effect  on  cell  cytoskeleton  ^ 

and  motility  7  and  it  has  also  been  demonstrated  that  upregulation  of  S100A4  in  mouse  tumor  cell 
lines  can  downregulate  expression  of  E-cadherin  and  disturb  the  intracellular  distribution  of  P- 
catenin  35, 

A  possible  role  for  psoriasin  (S100A7)  in  breast  cancer  first  emerged  when  it  was  also  identified  as 

a  cDNA  downregulated  in  a  nodal  metastasis  relative  to  a  primary  breast  tumor  36,  Nevertheless 
the  significance  of  the  initial  observation  was  unclear  because  of  the  fact  that  expression  was  only 
detectable  in  a  small  proportion  of  cells  within  invasive  primary  tumors  studied  by  in-situ 
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hybridization  and  overall  could  be  detected  in  only  18%  of  primary  tumor  specimens  assessed  by 
Northern  analysis.  An  explanation  for  this  paradox  became  apparent  when  psoriasin  was  also 
identified  by  us  as  a  gene  that  is  particularly  highly  expressed  in  the  ductal  epithelial  cells  of  pre- 

invasive  ductal  carcinoma-in-situ  1,  which  can  be  present  as  a  significant  component  with  invasive 
tumor  specimens.  We  have  now  shown  that  when  higher  levels  of  psoriasin  expression  persist 
within  invasive  tumors  then  this  correlates  with  indicators  of  increased  metastatic  potential.  It 
should  be  noted  that  the  strong  relationship  with  ER  status  is  compatible  with  studies  of  S100A4  33 

and  also  the  in-vitro  observation  36  (and  our  unpublished  data)  that  psoriasin  is  regulated  by 
estradiol  in  MCF7  cells.  Although  it  is  interesting  that  the  nature  of  this  correlation  is  different 
between  the  in-vitro  and  in-vivo  situations,  suggesting  that  additional  external  factors  may 
influence  psoriasin  regulation  in-vivo. 

While  the  biological  effect  of  alteration  of  psoriasin  in  breast  tumors  is  currently  unknown,  it  is 
interesting  to  speculate  from  this  pattern  of  expression  that  psoriasin  may  be  important  in  the 

invasive  phenotype  1^.  This  role  might  be  mediated  through  an  indirect  influence  on  the  effector 
cells  of  the  host  immune  response  or  perhaps  through  a  more  direct  influence  on  the  epithelial 
tumor  cell.  The  first  hypothesis  is  supported  by  the  correlation  seen  here  with  the  degree  of  host 
inflammatory  cell  response  within  breast  tumors  and  the  previous  evidence  that  implicates  psoriasin 

as  a  chemotactic  factor  14.  However,  psoriasin  protein  was  only  detected  in  approximately  50%  of 
medullary  and  ductal  tumors  with  marked  inflammatory  responses.  The  second  hypothesis  is 
supported  by  our  observation  that  psoriasin  may  not  only  be  secreted  13,  15  also  can  be 
localized  in  both  nuclear  and  cytoplasmic  compartments  in  normal  skin  and  breast  tumors. 
Although  further  studies  beyond  immunohistochemistry  are  necessary  to  confirm  this  assessment, 
several  observations  provide  indirect  support  for  multiple  sites  of  localization.  The  pattern  of 
expression  is  consistent  between  cells  in  two  closely  related  epithelia,  epidermis  and  breast  ductal 
epithelium,  and  the  detection  of  nuclear  and  cytoplasmic  signal  was  unrelated  to  tissue  fixation  or 
IHC  protocol,  which  may  effect  staining  with  some  antibodies  37,  38  D^al  localization  and 
alteration  of  this  subcellular  localization  with  disease  has  also  been  observed  with  another  SI 00 

related  keratinocyte  protein,  profilaggrin,  expressed  in  the  epidermis  2,  39^  and  altered  cellular 
distribution  of  proteins  such  as  BRCAl  and  P-catenin  is  well  recognized  to  be  an  important  aspect 
of  tumor  progression  35,  40,  41  Furthermore,  other  SI  00  proteins  have  previously  been  associated 
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with  both  extracellular  and  intracellular  actions  42.  por  example,  previous  studies  have  also 
indicated  potential  interactions  for  S100A4  with  both  cytoskeletal  8,  9  and  nuclear  proteins  43. 

Similarly,  other  secreted  SI 00  proteins  can  be  localized  to  cytoplasm  and  nucleus  44,  45  and 
specifically  S100A2  has  been  found  in  breast  cell  nuclei  while  S100A6  localizes  to  the  cytoplasm 

25,  however  the  functional  significance  of  these  findings  remains  unknown. 

In  conclusion,  we  have  shown  that  expression  of  psoriasin  (S100A7)  mRNA  and  protein  correlates 
with  indicators  of  poor  prognosis  in  invasive  breast  tumors,  including  ER,  PR,  and  nodal  status,  but 
is  not  related  to  differentiation  as  manifested  by  invasive  tumor  type  or  grade.  The  relationship 
observed  between  psoriasin  and  the  inflammatory  response  is  also  compatible  with  a  role  as  a 
chemotactic  factor,  however  the  possibility  of  additional  intracellular  functions  is  raised  by  the 
presence  of  its  nuclear  localization  in  both  skin  and  breast  tumors.  Further  studies  will  be  necessary 
to  confirm  the  latter  observation  and  pursue  the  biological  functions  of  psoriasin  in  relation  to 
breast  tumor  progression. 
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Figures 


Figure  1.  Western  blot  analysis  of  cell  lines  and  tumors  to  demonstrate  anti-psoriasin  IgY  antibody 
specificity.  Panel  A  shows  a  protein  band  (approx  11.5  kDa)  detected  using  a  chicken  IgY  anti- 
psoriasin  antibody  in  a  psoriasin  transfected  MDA-MB-231  breast  cell  line  and  2  tumors  (10049, 
12434)  but  absent  in  wild  type  MDA-MB-231  cells.  Panel  B  shows  detection  of  several  SI 00  like 
proteins  using  a  commercial  polyclonal  SI 00  antibody  applied  to  the  same  samples,  in  addition  to 
weak  detection  of  the  same  (approx  1 1.5  kDa)  protein  band,. 

Figure  2.  Immunohistochemical  and  in-situ  hybridization  analysis  of  the  cellular  distribution  and 
patterns  of  expression  of  psoriasin  within  psoriatic  skin  lesions  and  breast  tumors.  Psoriasin  protein 
is  localized  in  skin  to  both  nuclei  (A,  white  arrow)  and  cytoplasm  (A,  black  arrow)  of  keratinocytes. 
Similar  nuclear  and  cytoplasmic  staining  is  seen  in  breast  epithelial  tumor  cells  (C,  black  arrow). 
Psoriasin  protein  is  also  detected  within  occasional  stromal  inflammatory  cells  (C,  white  arrow). 
Panel  E  shows  an  H&E  stained  section  from  the  same  region  of  the  tumor  shown  in  panel  C. 
Psoriasin  mRNA  expression  in  skin  is  restricted  to  epithelial  cells  in  suprabasal  layers  of  epidermis 
(B)  to  scattered  invasive  epithelial  tumor  cells  in  breast  tumors  (D),  detected  using  antisense  probe 
(B  &  D)  compared  to  sense  probe  (F).  Original  magnification  for  all  panels  at  the  microscope, 
x200. 

Figure  3.  RT-PCR  analysis  of  psoriasin  mRNA  expression  in  invasive  breast  tumors.  Psoriasin 
(upper  black  arrow)  and  GAPDH  (lower  open  arrow)  from  duplicate  PCRs  of  10  representative 
tumors.  Control  lanes  include  estradiol  treated  MCF7-E2  cells,  a  tumor  control  12077c,  and  wild 
type  MDA-MB-231  cells. 

Figure  4.  Western  blot  analysis  of  psoriasin  protein  expression  in  invasive  breast  tumors.  Psoriasin 
(black  arrow)  is  detected  in  3/12  tumors  and  within  the  positive  control  (MDAMB231  cells 
transfected  with  psoriasin  cDNA). 
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Tables 


Table  1.  Comparison  between  psoriasin  mRNA  and  protein  expression  in  13  cases  assessed  by  RT- 
PCR,  in-situ  hybridization  and  immunohistochemistry. 

Notes;  TB#  =  tumor  bank  case  #;  RT-PCR  =  psoriasin  mRNA  level  determined  by  RT-PCR;  ISH 
score  =  psoriasin  mRNA  level  determined  by  in-situ  hybridization  and  semi-quantitative 
assessment  of  the  intensity  (int)  and  proportion  (prop)  as  described  in  materials  and  methods);  IHC 
=  psoriasin  protein  level  determined  by  immunohistochemistry  and  semi-quantitative  assessment  of 
the  intensity  (int)  and  proportion  (prop)  as  described  in  materials  and  methods). 

Table  2.  Clinicopathological  parameters,  histological  composition  of  the  tumor  section,  and 
psoriasin  expression  in  57  invasive  breast  carcinomas  assessed  by  RT-PCR  and  Western  blot. 

Notes;  TB#  =  tumor  bank  case  number;  Type  =  mucinous  (muc),  tubular  (tub),  medullary  (med), 
lobular  (ilc),  ductal  (idc);  ER,  PR  =  estrogen/progesterone  receptor  levels,  fmol/mg  protein;  GrSc  = 
Nottingham  grade  score;  size  =  tumor  size,  cms;  NS  =  nodal  status,  positive  (+),  negative  (-),  not 
available  (na);  Inv%„  IS%,  N%,  Str%  =  percentage  of  tissue  section  occupied  by  invasive  tumor, 
in-situ  tumor,  normal  ducts/lobules,  collagenous  and/or  fat  stroma;  Inf  =  estimate  of  inflammatory 
infiltrate,  low  (1)  to  high  (5).  RT-PCR  and  RT/PCR/Inv%  =  psoriasin  mRNA  level  determined  by 
RT-PCR,  both  unadjusted  and  adjusted  for  the  tumor  cell  content  of  the  tissue  section  (as  described 
in  materials  and  methods);  WB  =  psoriasin  protein  level  determined  by  western  blot  (as  described 
in  materials  and  methods). 

Table  3.  Relationship  between  psoriasin  expression  and  prognostic  and  tissue  factors. 

Notes;  ER,  PR  =  estrogen/progesterone  receptor  status;  NS  =  nodal  status;  Inf  =  inflammatory 
infiltrate.  Size  =  tumor  size,  cms.  Grade  =  Nottingham  grade;  Type  =  mucinous  (muc),  tubular 
(tub),  medullary  (med),  lobular  (ilc),  ductal  (idc);.  Low  Ps/  High  Ps  =  low  /  high  psoriasin  mRNA 
level  determined  by  RT-PCR  (outpoint  values  used  as  described  in  materials  and  methods).  P 
values  determined  by  Chi-squared  or  ANOVA  tests. 
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Table  1 
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Clinicopathological  parameters  Histology  psoriasin 
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Summary 

We  have  previously  shown  that  lumican  is  expressed  and  inereased  in  the  stroma  of  breast 
tumors.  We  have  now  examined  lumican  expression  relative  to  other  members  of  the  small 
leucine-rich  proteoglycan  gene  family  in  normal  and  neoplastic  breast  tissues  to  begin  to 
determine  its  role  in  breast  tumor  progression.  Western  blot  study  showed  that  lumican 
protein  is  highly  abundant  relative  to  decorin,  while  biglycan  and  fibromodulin  are  only 
detected  occasionally  in  breast  tissues  (n=15  cases).  Further  analysis  of  lumican  and  decorin 
expression  performed  in  matched  normal  and  tumor  tissues  by  in-situ  hybridization  showed 
that  both  mRNA’s  were  expressed  by  similar  fibroblast-like  cells  adjacent  to  epithelium. 
However,  lumican  mRNA  expression  was  significantly  increased  in  tumors  (n=34,  p<0.0001) 
while  decorin  mRNA  was  decreased  (p=0.0002)  in  neoplastic  relative  to  adjacent  normal 
stroma.  This  was  accompanied  by  a  significant  increase  in  lumican  protein  (n=12,  p=0.0122) 
but  not  decorin.  Further  evidence  of  altered  lumican  expression  in  breast  cancer  was 
manifested  by  discordance  between  lumican  mRNA  and  protein  localization  in  some  regions 
of  tumors  but  not  normal  tissues.  We  conclude  that  lumican  is  the  most  abundant  of  these 
proteoglycans  in  breast  tumors  and  that  lumican  and  decorin  are  inversely  regulated  in 
association  with  breast  tumorigenesis. 


Key  words:  Lumican,  decorin,  small  leucine-rich  proteoglycan,  breast  cancer,  tumor 


progression. 
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Introduction 

The  development  and  progression  of  breast  earcinoma  is  eaused  by  alterations  in  the 
expression  of  multiple  genes,  most  of  which  are  responsible  for  normal  physiological 
pathways  and  the  necessary  cellular  interactions  to  support  these  functions  within  the 
mammary  gland.  These  include  alterations  in  the  interactions  between  the  epithelial  and 
stromal  cells,  which  are  manifested  in  tumors  by  well  recognized  morphological  changes 
known  as  the  stromal  reaction  The  influence  of  such  alterations  in  stromal-epithelial 
interactions  may  influence  the  risk  of  transformation  of  the  breast  epithelial  cell  and  very 
early  steps  in  tumorigenesis,  as  has  been  recently  proposed  in  other  systems  However,  the 
net  effects  of  these  alterations  in  the  stroma  on  later  stages  of  tumor  progression  is  unresolved 

3 

Resolution  of  this  issue  is  complicated  by  the  recognition  that  the  stroma  is  a  highly 
complex  tissue  that  includes  a  variety  of  different  types  of  fibroblasts  and  a  range  of 
proteins,  glycoproteins  and  proteoglycans  which  may  play  a  role  in  tumor  biology.  We  have 
recently  extended  this  list  by  identifying  lumican,  a  member  of  the  small  leucine-rich 
proteoglycans  (SLRP’s)  as  an  mRNA  that  is  expressed  in  the  stroma  of  normal  breast  tissues 
and  overexpressed  in  invasive  carcinomas  ^  Members  of  this  family  of  proteoglycans  have 
been  implicated  principally  in  matrix  assembly  and  structure  but  also  more  recently  in 
control  of  cell  growth  \  While  studies  of  decorin  have  shown  altered  expression  in  neoplastic 
stroma  lumican  has  previously  been  studied  only  in  the  context  of  connective  tissue  and 
corneal  disease  *  and  the  role  of  SLRP’s  in  human  breast  cancer  is  relatively  unexplored.  To 
explore  further  the  potential  role  of  lumican  and  related  genes  in  breast  tumor  progression, 
we  have  now  examined  the  expression  of  lumican  relative  to  that  of  other  members  of  the 
SLRP  family,  decorin,  biglycan  and  fibromodulin,  at  both  mRNA  and  protein  level  in  normal 
and  neoplastic  breast  tissues. 
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Materials  and  methods 

Human  breast  tissues 

All  breast  tumor  cases  used  for  this  study  were  selected  from  the  NCIC-Manitoba  Breast 
Tumor  Bank  (Winnipeg,  Manitoba,  Canada).  As  has  been  previously  described  tissues  are 
accrued  to  the  Bank  from  cases  at  multiple  centers  within  Manitoba,  rapidly  collected  and 
processed  to  create  matched  formalin-fixed-embedded  and  frozen  tissue  blocks  with  the 
mirror  image  surfaces  oriented  by  colored  inks.  The  histology  and  cellular  composition  of 
every  sample  in  the  Bank  is  interpreted  in  Hematoxylin/Eosin  (H&E)  stained  sections  from 
the  face  of  the  former  tissue  block. 

For  the  initial  study  to  broadly  compare  expression  of  different  members  of  the  SLRP 
gene  family  a  mixed  pilot  cohort  was  selected  from  the  Tumor  Bank  to  include  9  different 
invasive  carcinomas,  3  normal  tissue  samples  from  patients  with  cancer  and  3  normal  tissues 
from  normal  patients  without  cancer.  The  invasive  tumors  included  different  tumor  types  (5 
ductal,  3  lobular  and  1  tubular  carcinoma),  grades  (4  high,  1  moderate,  4  low  grade)  and 
estrogen  receptor  levels  (3  ER  <10  fmol/mg,  3  ER  10-20,  3  ER  39-169)  and  total  stromal 
fractions  ranging  from  50-95%  of  the  cross  sectional  area.  The  mean  patient  ages  were  62,  70 
and  28  years  for  each  subgroup  respectively  (tumor  tissues,  normal  tissues  adjacent  to 
tumors,  normal  tissues). 

For  the  subsequent  studies  to  compare  lumican  and  decorin  expression  a  second  more 
defined  and  homogeneous  cohort  of  46  cases  was  selected  to  prove  matching  primary  tumor 
tissues  and  adjacent  normal  tissue.  This  cohort  included  only  invasive  ductal  carcinomas  and 
was  primarily  selected  to  ensure  availability  of  histologically  confirmed  and  distinct  regions 
comprising  normal  and  tumor  tissue  elements  in  different  blocks  (12  cases,  for  Western  blot 
studies)  or  the  same  block  (34  cases,  for  in-situ  hybrization  studies).  The  subset  used  for 
Western  blot  studies  was  also  selected  to  possess  equivalent  cross  sectional  areas  (mean 
section  area  in  tumor  tissues  =  0.86^®“'’^  cm^,  adjacent  normal  tissues  =  0.85^®'^^^  em^)  and 
stromal  content  (mean  stromal  area  in  tumor  tissues  =  68^'®^  %,  adjacent  normal  tissues  = 
89(6)  %)  between  the  matching  blocks  and  to  incorporate  cancer  eases  from  both  post- 
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menopausal  patients  (6  cases  mean^"''^  =  76^’^  years)  and  pre-menopausal  patients  (6  cases 
mean^'“‘^  =  44^^^  years) . 

Sodium  dodecyl  sulfate/polyacrylame  gel  electrophoresis  (SDS/PAGE)  and 
immunoblotting 

Total  proteins  were  extracted  from  frozen  tissue  sections.  These  were  cut  from  the  face  of 
frozen  tissue  blocks  immediately  adjacent  to  the  face  of  a  matching  paraffin  block  **  from 
which  paraffin  sections  had  been  previously  cut  for  pathological  assessment  and  for  in-situ 
hybridization.  For  the  first  cohort  of  cases,  an  average  of  twenty  20  micron  tissue  sections 
were  cut  from  each  typical  tissue  block  (0.5  x  1.0  cm^  cross  sectional  area)  and  used  for 
extraction,  however  the  number  of  tissue  sections  was  varied  for  each  case  according  to  the 
measured  area  of  the  tissue  within  individual  blocks  to  ensure  that  equivalent  volumes  of 
tissue  were  used  for  the  extraction,  which  was  done  as  described  previously  For  the  second 
cohort  of  matching  tissue  samples,  the  same  number  of  frozen  sections  (twenty  x  20  micron) 
was  cut  from  the  measured  surface  of  each  tissue  block  together  with  a  single  section  from 
the  adjacent  paraffin  block  to  be  used  as  a  reference  for  composition,  and  protein  extraction 
performed  on  the  frozen  sections  with  equivalent  volumes  of  extraction  buffer.  Proteins 
present  in  equivalent  volumes  of  extracts  were  analyzed  by  SDS/PAGE  and  immunoblotting, 
using  anti-peptide  antibodies  specific  for  the  carboxyl-terminal  regions  of  lumican,  decorin, 
fibromodulin  and  bigyclan  Protein  signals  were  detected  by  chemiluminescence  and 
photographed  prior  to  quantitation  by  video-image  analysis  and  densitometry  using  an  MC 
M4  softweire  (Imaging  Research,  St  Catherines  Ont.).  All  signals  were  then  adjusted  with 
reference  to  control  cartilage  samples  run  with  each  blot.  For  the  second  cohort  of  matched 
tissue  samples  signals  were  also  adjusted  with  reference  to  the  measured  cross  sectional  area 
and  the  stromal  content  of  the  tissue  block  to  control  for  equivalent  loading.  Additional 
analysis  was  performed  on  all  signals  after  further  adjustment  for  relative  stromal  content  of 
the  tissue  sections  assessed  in  adjacent  H&E  sections. 
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Immunohistochemistry 

Immunohistochemistry  was  performed  on  paraffin  sections  using  the  same  antibody  to 
lumican  as  used  for  immunoblotting.  Sections  (5  micron  thick)  were  obtained  from  paraffin 
embedded  tissue  blocks  matching  the  frozen  tissue  blocks  of  those  cases  used  for  RT/PCR  and 
protein  analysis.  After  de-paraffmizing,  clearing  and  hydrating  in  TBS  buffer  (Tris  Buffered 
Saline,  pH  7.6)  the  sections  were  pre-treated  with  hydrogen  peroxide,  3%  for  10  minutes  to 
remove  endogenous  peroxidases  and  non-specific  binding  was  blocked  with  normal  swine 
serum  1:10  (Vector  Laboratories  S-4000).  Tris  buffered  saline  (TBS)  was  used  between  steps 
to  rinse  and  as  a  diluent.  Primary  antibody  to  lumican  was  applied  at  a  1:400  dilution 
overnight  at  4  °C  followed  by  biotinylated  secondary  swine  anti-rabbit  IgG,  1 :200  (DAKO) 
for  1  hour  at  room  temperature  (R.T.).  Tissue  sections  were  incubated  45  minutes  at  R.T.  with 
an  avidin/biotin  horseradish  peroxidase  system  (Vectastain  ABC  Elite,  Vector  Lab.)  followed 
by  detection  with  DAB  (diaminobenzidine),  counterstaining  with  Methyl  Green,  2%  and 
mounting.  A  positive  tissue  control  (colon  mucosa)  and  a  negative  reagent  control  (no  primary 
antibody)  were  run  in  parallel.  Immunostaining  pattern  and  intensity  was  assessed  by  light 
microscopic  visualization. 

In-situ  hybridization 

Paraffin  embedded  5  micron  sections  of  breast  tissues  were  analysed  by  ‘in  situ’ 
hybridization  according  to  a  previously  described  protocol  V  For  lumican,  the  plasmid  Lumi- 
398,  that  consisted  of  pGEM-T  plasmid  (Pharmacia  Biotech),  containing  a  398bp  portion  of 
lumican  cDNA,  between  bases  1332  and  1729  was  used  as  a  template  to  generate  UTP^^^ 
labelled  sense  and  antisense  riboprobes  using  Riboprobe  Systems  (Promega,  Madison, WI.) 
and  either  the  T7  or  SP6  promotor  at  the  5’  or  3’  end  of  the  lumican  sequence  according  to 
the  manufacturer’s  instructions.  For  decorin,  the  plasmid  Dec-322  was  used  as  a  template. 
This  consisted  of  pGEM-T  plasmid  containing  a  decorin  insert  with  a  comparable  length 
(322bp)  to  the  lumican  probe  generated  by  PCR  amplification  from  the  decorin  cDNA 
using  primers  that  corresponded  to  decorin  (sense  5’-AAATGCCCAAAACTCTTCAG  -3’ 
and  antisense  5’-  AAACTCAATCCCAACTTAGCC-3’)  All  PCR  cDNA’s  and  plasmid 
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inserts  were  sequenced  to  confirm  their  entity.  Levels  of  lumican  and  decorin  expression 
were  assessed  in  normal  and  tumor  regions  by  microscopic  examination  at  low  power 
magnification  and  with  reference  to  the  negative  sense  and  positive  control  tumor  sections. 
This  was  done  as  previously  described  ^  by  scoring  the  estimated  average  signal  intensity  (on 
a  scale  of  0  to  3)  and  the  proportion  of  stromal  cells  showing  a  positive  signal  (0,  none,  0.1, 
less  than  one  tenth;  0.5,  less  than  one  half;  1.0  greater  than  one  half).  The  intensity  and 
proportion  scores  were  then  multiplied  to  give  an  overall  score.  Regions  with  a  score  lower 
than  1.0  were  deemed  negative  or  weakly  positive. 

Microdissection  and  protein  extraction  analysis 

To  assess  protein  localization  within  regions  of  tumors,  2  cases  were  selected  that  showed 
marked  and  well  defined  regions  within  the  same  tissue  section  with  discrepancies  between 
mRNA  and  protein  expression.  This  was  determined  by  in-situ  hybridization  and 
immunohistochemistry  in  adjacent  serial  sections  from  paraffin  tissue  blocks.  The  mirror 
image  frozen  tissue  blocks  to  these  paraffin  blocks  were  used  for  microdissection  as 
previously  described  "  and  protein  was  extracted  from  these  histologically  defined  regions  as 
described  above.  Briefly,  thin  5  micron  frozen  sections  were  cut  from  the  face  of  the  frozen 
tissue  blocks  and  stained  by  H&E,  and  the  relevant  histological  regions  of  approximately  1-2 
mm  ^  distinguished  and  confirmed  by  reference  to  the  paraffin  sections  already  studied. 
Multiple  thick  frozen  sections  (20  x  20  micron)  were  then  cut,  rapidly  stained  and 
microdissected  at  room  temperature  from  each  section  in  turn,  and  the  microdissected  tissue 
fragments  frozen  again  prior  to  protein  extraction. 
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Results 

Identification  of  lumican  as  the  most  abundant  SLRP  in  normal  and  neoplastic  breast 
tissues 

To  determine  the  relative  importance  of  altered  lumican  expression  in  breast  tumorigenesis 
the  expression  of  lumican  protein  was  compared  to  that  of  three  other  members  of  the  SLRP 
family,  decorin,  fibromodulin  and  biglycan  by  Western  blot  in  a  heterogeneous  panel  of  9 
breast  tumors  and  6  normal  tissues. 

Lumican  was  highly  abundant  in  all  samples  and  in  both  neoplastic  and  normal 
tissues  (Figure  1).  A  significant  increase  was  seen  in  the  mean  level  of  lumican  protein 
between  normal  and  tumor  (mean^®'’^  tissue  adjusted  optical  density  units,  normal  =  0.43^°  ®*^ , 
tumor  =  0.56^“  ,  p=  0.026,  Mann  Whitney  test).  Although  an  apparent  difference  in  level  of 

lumican  between  normal  samples  from  normal  patients  and  normal  samples  adjacent  to 
tumors  was  seen,  this  difference  d  not  persist  when  different  stromal  content  of  these  samples 
was  taken  into  account.  Nevertheless,  an  increase  in  overall  molecular  weight  euid 
polydiversity  was  noted  in  normal  tissues  from  older  patients  relative  to  younger  patients. 

In  comparison  decorin,  although  also  present  in  most  samples  examined  by  Western 
blot,  was  much  less  abundant  relative  to  the  cartilage  control  (Figme  1).  It  should  be  noted 
that  the  decorin  (in  common  with  biglycan  and  fibromodulin)  signals  shown  in  figure  1  also 
required  a  3  fold  longer  chemiluminescent  exposure  time  (9  seconds)  than  that  for  lumican  (3 
seconds).  However  in  contrast  to  lumican,  there  was  a  marked  decrease  in  decorin  between 
normal  and  tumor  samples  (mean^®'’*  optical  density  units;  normal  =  ,  tumor  =  0.13^® 

,  p=  0.066,  Mann  Whitney  test).  No  difference  was  seen  in  signals  between  normal  samples 
from  normal  and  cancer  patients. 

Fibromodulin  expression  was  not  detected  in  normal  tissues  and  at  only  low  levels  in 
only  3/9  tumors,  where  the  presence  of  fibromodulin  correlated  with  those  tumors  with  the 
highest  content  of  epithelial  tumor  cells.  Biglycan  was  also  only  detected  at  low  levels  in  2/6 
normal  tissues  and  3/9  tumors,  where  in  contrast  to  fibromodulin  its  presence  correlated 
directly  with  those  tumors  with  the  highest  content  of  collagenous  stroma. 
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Lumican  and  decorin  are  differentially  expressed  between  normal  and  neoplastic 
tissues. 

In  order  to  examine  further  the  distinct  alterations  in  the  expression  of  lumican  and  decorin, 
the  mRNA  and  protein  expression  of  both  genes  was  examined  in  46  cases  by  in-situ 
hybridization  (34  cases)  and  Western  blot  (12  cases)  from  the  second  cohort  of  cases, 
comprising  matched  normal  and  tumor  samples. 

As  previously  shown,  prominent  lumican  mRNA  expression  was  detected  using  an 
antisense  probe,  in  stromal  fibroblast  like  cells  within  the  tumor  and  immediately  adjacent  to 
invasive  tumor  cells.  Assessment  of  mRNA  levels  using  a  semi-quantitative  approach  as 
detailed  in  the  Materials  and  Methods  section,  also  confirmed  our  previous  observations  ^ 
made  on  a  different  set  of  tumors,  and  lumican  mRNA  was  found  to  be  significantly  elevated 
in  the  majority  of  tumors  when  levels  were  compared  to  those  present  in  adjacent  normal 
stroma  (p<0.0001,  Wilcoxon  test.  Figure  2  and  3B).  Higher  levels  of  lumican  (>=  1)  were 
present  in  tumor  compared  to  normal  tissue  in  26/34  cases.  At  the  same  time,  decorin  levels 
also  showed  a  consistent  and  significant  difference,  with  lower  levels  seen  in  stroma 
associated  with  tumor  relative  to  stroma  associated  with  adjacent  normal  tissue  components 
(p<0.0002,  Wilcoxon  test.  Figure  2  and  3C),  with  lower  levels  of  decorin  (>=1)  present  in 
tumor  compared  to  normal  tissue  in  22/34  cases.  The  pattern  of  expression  of  decorin  was 
also  identical  in  sections  from  the  same  cases  studied  with  a  different  in-situ  hybridization 
ribroprobe  (data  not  shown). 

In  keeping  with  the  pattern  of  mRNA  expression,  the  mean  lumican  protein  signal 
assessed  by  Western  Blot  was  also  higher  in  9/12  tumors  relative  to  normal  tissues  (rnean^*''^ 
optical  density  units,  normal  =  0.22^“  ’^^ ,  tumor  =  0.43^°  ”^ ,  p=0.0122  Wilcoxon  test).  Once 
again,  in  contrast  to  this,  decorin  protein  was  lower  in  7/12  tumors  relative  to  normal  tissues 
but  in  this  case  the  differences  were  not  statistically  significant  (mean^®'*^  optical  density  units, 
normal  =  0.22^®  '®^  ,  tumor  =  0.17^®  ^^  ,  p=  ns,  Wilcoxon  test).  These  contrasting  patterns  of 
lumican  and  decorin  expression  also  persisted  after  standardisation  of  Western  blot  signals 
for  relative  stromal  content  (data  not  shown). 
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Lumican  mRNA  and  protein  expression  can  occur  in  different  regions  within  breast 
tumors 

Immunohistochemical  study  of  lumican  distribution  within  the  same  tissues  that  had 
already  been  examined  by  in-situ  hybridization  was  performed  using  the  same  antibody  that 
had  been  employed  for  Western  blot  analysis  (Figure  4).  This  showed  that  lumican  was 
abundant  throughout  the  collagenous  stroma  of  both  normal  and  tumor  sections  with 
prominent  deposition  around  small  vessels,  breast  duct  and  lobular  structures.  There  was 
increased  deposition  within  the  collagenous  stroma  of  tumors,  in  particular  at  the  invasive 
margins  and  in  areas  of  dense  collagen  within  central  regions  of  some  tumors,  compared  to 
adjacent  normal  tissues.  However,  in  some  cases  there  were  distinct  regions,  up  to  2  mm  in 
area  within  the  tumor  sections  containing  loose  stroma  in  which  there  was  a  complete 
absence  of  lumican  detectable  by  immvmohistochemistry  (Figure  4  C&D).  However,  the 
same  regions  showed  high  expression  when  examined  for  lumican  mRNA  by  in-situ 
hybridization  in  adjacent  sections  (Figure  4A&B).  Similarly,  other  areas  showed  strong 
staining  for  lumican  protein  but  low  levels  of  mRNA. 

To  explore  the  possibility  that  the  absence  of  lumican  expression  detected  by 
immunohistochemistry  might  be  due  to  the  conformation  of  the  native  protein  or  the  binding 
of  lumican  to  other  proteins,  resulting  in  the  masking  of  the  carboxy-terminal  epitope, 
specific  areas  measuring  approximately  1  mm^  each  were  microdissected  from  frozen 
sections  of  2  tumors  and  lumican  protein  assessed  under  denaturing  conditions  by 
SDS/PAGE  and  Western  blot.  In  both  cases,  those  regions  with  high  mRNA  expression  and 
negative  by  immunohistochemistry  were  also  negative  by  Western  blot,  while  areas  showing 
very  low  mRNA  expression  but  strong  staining  by  immimohistochemistry  were  positive  by 
Western  blot  (Figure  5). 


Leygue  et  al.,  page  81 


Discussion 

We  have  shown  that  lumican  is  the  most  abimdant  proteoglycan  in  comparison  with  several 
other  members  of  the  family  of  small  leucine-rich  proteoglycans  (SLRP’s)  in  breast  cancer. 
We  have  also  extended  our  previous  observations  based  on  the  detection  of  lumican 
mRNA,  in  showing  that  the  total  lumican  protein  is  also  increased  in  breast  tumors  relative  to 
adjacent  normal  tissues.  Our  results  also  demonstrate  that  this  pattern  of  upregulation  of 
lumican  in  relation  to  breast  tumorigenesis  is  distinct  from  that  of  the  closely  related  decorin 
gene,  which  is  inversely  regulated  and  reduced  at  mRNA  and  to  a  lesser  extent  at  protein 
levels,  in  tumor  relative  to  adjacent  normal  tissue.  Finally,  we  have  shown  that  lumican 
expression  in  tumors  may  also  be  associated  with  abnormal  distribution  within  the  stroma 
manifested  by  discordance  between  mRNA  and  protein  deposition  within  subregions  of 
breast  tumors. 

The  family  of  SLRP’s  share  several  common  features,  including  a  central  region  of 
leucine  rich  repeats  bounded  by  flanking  cysteine  residues  and  localization  in  the 
extracellular  matrix.  The  SLRP’s  can  be  separated  into  three  subgroups  that  include  decorin 
and  biglycan,  lumican  and  fibromodulin,  epiphycan  and  osteoglycin,  that  are  distinguishable 
both  by  amino  acid  homologies  and  also  gene  structure  Decorin,  probably  the  best  studied 
of  these  genes,  is  known  to  interact  with  a  variety  of  extracellular  matrix  molecules  and  has 
been  shown  to  be  capable  of  influencing  collagen  fibril  growth  and  assembly  both  in-vitro 
and  in-vivo  *  Decorin  may  also  influence  tumor  cell  growth  through  indirect  effects  on  the 
availability  of  growth  factors  from  the  extracellular  matrix  or  directly  through  activation  of 
the  EGF  receptor  and  induction  of  the  p21  cell  cycle  inhibitor  In  contrast  less  is  known 
about  lumican  and  other  SLRP’s.  However,  in-vitro  and  in-vivo  data  indicate  that  lumican  is 
also  important  in  the  regulation  of  collagen  fibril  assembly  This  view  is  supported  by 
recent  observations  based  on  mice  with  homozygous  deletion  of  the  lumican  gene  where  loss 
of  corneal  transparency  and  increased  skin  fragility  is  associated  with  disorganized  and 
loosely  packed  collagen  fibers  related  to  increased  and  irregular  fibril  size,  and  interfibrillar 
spacing,  as  viewed  by  light  and  electron  microscopy  *. 
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The  observation  that  lumican  is  highly  abundant  compared  to  other  SLRP’s  in  breast 
tumors  cannot  be  interpreted  to  mean  that  it  is  necessarily  the  most  important.  This  is 
underscored  by  the  recent  demonstration  that  although  decorin  is  apparently  more  abundant 
than  versican  in  prostate  cancer  tissue,  only  increase  in  the  larger  chondroitin  sulphate 
proteoglycan  versican  correlates  with  grade  and  inversely  with  progression-free  survival  in 
prostate  cancer  Similarly,  the  increase  in  lumican  seen  here  in  association  with  breast 
tumorigenesis  may  be  less  important  than  the  parallel  decrease  in  decorin.  The  implications 
of  these  alterations  in  expression  await  experiments  to  determine  their  functional  effects. 
However,  increased  lumican  expression  is  associated  with  several  parameters  indicative  of 
more  biologically  aggressive  tumors  ’  indicating  that  the  relative  changes  in  different  SLRP 
expression  may  have  a  functional  effect  on  tumor  progression.  It  is  possible  to  speculate  that 
both  induction  of  lumican  and  decrease  in  decorin  in  stromal  fibroblasts  within  the  invasive 
tumor  may  represent  a  positive  host  response  to  abrogate  the  disorganization  of  collagen 
within  the  tumor  stroma,  encourage  macrophage  localization  '®,  and  inhibit  the  growth  of 
epithelial  cancer  cells  through  the  increased  availability  of  growth  factors  inhibitory  to  breast 
epithelial  cell  growth  Alternatively,  these  alterations  may  represent  a  negative  host 
response  contributing  to  tumor  progression.  Increased  lumican  mRNA  expression  may  reflect 
a  response  to  locally  increased  proteolysis  or  altered  deposition  of  the  lumican  protein  that  is 
the  cause  of  the  disorganization  of  the  collagenous  stroma,  that  in  turn  facilitates  tumor  cell 
invasion.  Similarly,  a  decrease  in  decorin  may  remove  an  inhibitory  effect  on  epithelial  tumor 
cell  growth  though  repression  of  p21  ’.A  role  for  and  the  distinction  between  these  opposing 
potential  effects  will  clearly  require  further  study. 

The  differences  in  lumican  levels  between  normal  and  tumor  tissues  observed  by  both 
immunohistochemistry  and  Western  blot  are  not  as  marked  as  those  seen  at  the  level  of 
mRNA  expression.  While  differences  in  the  assays  may  account  for  some  of  this  discrepancy, 
it  is  clear  that  it  may  also  be  attributable  to  the  discordance  that  can  also  exist  between 
lumican  mRNA  and  protein  expression  detected  by  in-situ  and  immimohistochemical 
techniques  respectively,  within  the  same  regions  of  breast  tumor  stroma.  A  similar 
discordance  between  mRNA  and  protein  expression  has  been  previously  observed  in  the 
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course  of  studies  on  lumican  and  other  large  and  small  proteoglycans  in  different  tissues.  For 
example,  in  corneal  development  in  the  chicken,  the  mRNA  levels  for  lumican  and  decorin 
do  not  always  reflect  the  rate  of  synthesis  of  the  corresponding  proteins  and  the  efficiency  of 
translation  of  lumican  varies  over  time  Similar  discordance  between  aggrecan  and  versican 
mRNA  and  protein  has  been  seen  in  normal  tendon  between  decorin  and  biglycan  mRNA 
and  protein  localization  in  normal  and  reactive  gastric  mucosa  and  in  regions  of  cartilage 
matrix  around  vascular  chaimels  and  the  growth  plates  of  long  bones  in  normal  cartilage  In 
this  latter  instance,  the  discordance  was  attributed  to  high  rate  of  breakdown  and  removal  at 
these  sites.  This  conclusion  is  supported  by  studies  on  endothelial  cells  which  show  that 
growth  factors  such  as  bFGF  can  not  only  increase  both  biglycan  transcription  and  protein 
synthesis  but  also  the  corresponding  rate  of  proteolysis  The  absence  of  protein  could  also 
reflect  masking  of  the  epitope  by  conformational  changes  in  the  native  protein,  by  changes  in 
post-translational  modification  or  by  binding  to  another  protein.  Alternatively  this  could 
reflect  reduced  translation,  increased  breakdown,  or  failure  to  bind  within  the  immediate 
stroma  and  rap  translocation  of  the  protein  to  adjacent  areas  of  the  tissue.  Our 
microdissection  experiments,  applied  to  small  regions  where  lumican  mRNA  is  highly 
expressed  suggest  that  the  corresponding  protein  is  truly  absent  in  these  areas  and  that  epitope 
masking  due  to  conformation  or  binding  proteins  is  an  unlikely  explanation  for  the 
observation.  However  it  could  also  be  the  case  that  the  necessary  binding  sites  are  not 
available  in  the  immature  stroma  associated  with  rap  growth  of  tumors  and  that  this  allows 
translocation  of  newly  synthesized  lumican  to  binding  sites  in  adjacent  tissue. 

The  reciprocal  nature  of  the  changes  in  the  expression  of  lumican  and  decorin  is 
intriguing.  Although  definitive  characterization  of  the  stromal  cell  types  awaits  primary 
culture  studies,  direct  comparison  of  in-situ  hybridization  performed  on  serial  sections 
suggests  that  expression  of  both  genes  apparently  occurs  in  the  same  fibroblast-like  cells  in 
breast  tissue  stroma.  While  lumican  has  not  been  previously  studied  in  human  tumors, 
expression  of  decorin  mRNA  and  proteoglycans  incorporating  chondroitin  sulphate  epitopes 
have  been  shown  to  be  increased  in  colon,  prostate  and  basal  cell  carcinomas  However, 
similar  immunohistochemical  studies  of  breast  tumors  using  monoclonal  antibodies  raised 
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against  chondroitin  sulphate  and  dermatan  sulphate  small  proteoglycan  have  shown  reduced 
decorin  expression  within  invasive  as  compared  to  surroimding  normal  stroma  consistent 
with  our  findings.  Decorin  and  other  SLRP’s  are  known  to  be  independently  regulated  and 
mutually  exclusive  and  compensatory  changes  in  expression  between  different  SLRP’s 
have  been  observed  However  this  appears  to  be  usually  manifested  by  genes  within 
subgroups  of  the  SLRP  family.  At  the  same  time,  reciprocal  changes  in  expression  between 
lumican  and  decorin  have  not  been  described  in  lumican  or  decorin  ‘knockout’  mice  The 
factors  that  influence  altered  expression  of  these  genes  in  breast  tumor  stroma  remain  to  be 
elucidated. 

In  summary,  we  have  shown  that  lumican  is  highly  abundant  relative  to  decorin, 
biglycan  and  fibromodulin  in  normal  and  neoplastic  breast  tissues.  We  have  also  shown  that 
increased  lumican  protein  expression  and  altered  regional  localization  occur  in  breast  tumors 
and  that  different  and  reciprocal  alterations  in  expression  occur  between  lumican  and  decorin. 
The  functional  significance  and  role  of  alterations  in  these  stromal  proteoglycans  in  breast 
tumorigenesis  and  progression  remains  to  be  determined. 
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Figure  Legends. 

Figure  1.  Immunoblotting  study  of  lumican,  decorin,  biglycan  and  fibromodulin  protein 
expression  in  human  breast  tumors  (lanes  1-9),  normal  tissues  from  normal  patients  (lanes 
10-12)  and  normal  tissues  adjacent  to  carcinomas  (lanes  13-15).  All  protein  samples  were 
extracted  from  sets  of  frozen  tissue  sections  bracketed  by  sections  assessed  by  H&E  stain  and 
light  microscopy  to  confirm  content.  Chemiluminescent  signals  for  decorin,  biglycan  and 
fibromodulin  required  3  fold  longer  exposure  times  than  that  for  lumican.  Molecular  markers 
(left)  and  cartilage  control  sample  (right)  are  present  in  all  panels. 

Figure  2.  Lumican  and  decorin  mRNA  levels  in  matched  normal  and  tumor  tissues  assessed 
by  in-situ  hybridization  and  semi-quantitative  scoring  as  described  in  Materials  and  Methods. 
The  thickness  of  each  line  (on  a  scale  of  1  to  9)  corresponds  to  the  number  of  cases  showing 
the  same  differences  in  scores  (n=34  cases). 

Figure  3.  Lumican  and  Decorin  mRNA  expression  detected  by  in-situ  hybridization  within  a 
breast  tumor  section.  Panel  A  (H&E  section)  shows  the  histology  including  the  invasive 
tumor  (upper  area),  the  tumor  margin  (middle)  and  adjacent  normal  tissue  including  lobular- 
ductal  units  (lower  area).  Lumican  expression  (panel  B)  is  high  within  the  tumor  and  tumor 
margin  and  lower  in  the  normal  fat  and  collagenous  stroma  adjacent  to  the  normal  lobules. 
Decorin  (panel  C)  shows  high  expression  in  the  normal  stroma  adjacent  to  normal  lobules 
and  reduced  expression  in  the  tumor.  Original  magnification  x400. 

Figure  4.  In-situ  hybridization  and  immunohistochemical  study  showing  regional  discordance 
in  lumican  mRNA  (panels  A  &  B)  and  protein  expression  (panels  C  &  D)  displayed  in 
adjacent  sections  in  breast  tumors.  Panels  A  and  C  show  overall  pattern  of  mRNA  (A,  black 
signal)  and  protein  (C,  brown  staining)  within  a  tissue  section  (0.4  x  0.8  cms  in  size)  that 
includes  regions  of  in-situ  and  invasive  tumor  (upper  left  and  upper  middle)  and  adjacent 
normal  tissue  (lower  left  and  lower  right).  Panels  B  &  D  show  a  detailed  microscopic  view 
(original  magnification  x400)  of  the  cellular  localization  of  mRNA  and  protein  within  a  small 
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region  at  the  invasive  edge  within  the  same  section  (tumor  component  at  left,  normal 
component  at  right) 

Figure  5.  Lumican  protein  expression  detected  by  immunohistochemistry  (upper  panel)  and 
Western  blot  (lower  panel)  demonstrating  concordance  in  assessment  of  protein  levels  in 
microdissected  subregions  within  two  breast  tumor  sections.  The  upper  panels  show  IHC 
sections  (tumor  A,  right;  tumor  B,  left;  scale  bar  =  5mm).The  mRNA  and  protein  signals 
were  detected  by  in-situ  hybridization  (ISH)  and  immunohistochemistry  (IHC)  in  each  region 
in  adjacent  sections  and  ISH/IHC  levels  were  assessed  semi-quantitatively  (negative,  weak  +, 
strong  ++)  as  follows;  tumor  A;  region  1  =  ++/-,  region  2  =  -/++,  region  3  (remainder  of 
section)  =  +/++;  tumor  B;  region  4  =  +/-,  region  5  =  -/++,  region  6  =  ++/++.  The  lower  panel 
shows  the  Western  blot  (C  =  cartilage  control,  lanes  1-6  correspond  to  regions  assessed  and 
microdissected  above). 
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